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PREFACE TO THE SECOND EDITION 


In preparing the Second Edition for the press such errors as 
have appeared in the original text and tables have been corrected, 
and while it is not to be hoped that all have yet been eliminated 
the continuous use of the book for over three years has failed to 
develop others. Beyond an explanation of the derivation of the 
last term in the Hazen and Williams formula, the changes are con- 
fined to that part of the book devoted to the flow of water over 
weirs, where some new matter relating to submerged weirs is pre- 
sented in the text, and where the table of discharge by Bazin’s 
formula has been extended to cover variations of head by 0.01 of 
a foot from zero to 6 feet, making in all a table of thirty pages 
instead of the two pages in the former edition. A table of dis- 
charge of high weirs 10, 20, and 30 feet, under heads from 6 to 20 
feet has been added and a new title page has been written, giving a 
more correct description of the scope of the book, and the table of 
contents has been extended. These additions have all been made 
in response to requests or suggestions from users of the former 
edition, and it is believed they will appreciably increase the useful- 
ness of the volume. 


PREACHES TOV CHE THIRD EDITION 


In the Third Edition a new chapter, ‘‘ Additional Data,” is added 
as a brief statement of how the procedure used by the authors fits 
with the numerous additional data now available. A plotting showing 
graphically the most important new and old data, and the relations 
between them, and the procedure used, has also been added. 

May 11, 1920. 


NOTE 2021933 PRINTING OF THIRD-EDITION 


Two new tables have been added, giving the flow in pipes 14 and 18 
inches in diameter. It is believed that engineers will find these new data 
particularly useful. The calculations were made by Fuller and Everett. 
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INTRODUCTION. 


Tue following tables show the flow of water in pipes and other pas- 
gages, as computed by the Hazen-Williams hydraulic slide-rule, based 
upon the formula 

y =cr0-83 30.540 ,00 1 — 9-04, 

The most commonly used formula for determining the velocity of 

flow of water in pipes and channels is the Chezy formula, namely 

v=cvV st, 

where v is the velocity in feet per second, s is the hydraulic slope, and 
r the hydraulic radius in feet. c is a factor the value of which is an 
approximation to a constant, but depends upon the roughness of the 
pipe and upon the hydraulic radius and slope. The variations in the 
value of ¢ are considerable, and make the general use of the formula 
difficult. 

Kutter’s formula was devised to compute the value of ¢ in the Chezy 
formula. The value of ¢ so computed depends upon an assumed coeffi- 
cient of roughness, upon the slope, and upon the hydraulic radius. With 
the same degree of roughness the value of ¢ increases with the hydraulic 
slope and with the hydraulic radius. This is because the exponents used 
for these terms in the formula are below the true values. If the expo- 
nents were increased to correspond more ncarly with the facts, the varia- 
tions in the value of ¢ would become less. If exponents could be selected 
acreeing perfectly with the facts, the value of ¢ would depend upon the 
roughness only, and for any given degree of roughness c would then be 
a constant. It is not possible to reach this actually, because the values 
of the exponents vary with different surfaces, and also their values may 
not be exactly the same for large diameters and for small ones, nor for 
steep slopes and for flat ones. Exponents can be selected, however, 
representing approximately average conditions, so that the value of ¢ 
for a given condition of surface will vary so little as to be practically 
constant. Several such ‘exponential’? formulas have been suggested. 
These formulas are among the most satisfactory yet devised, but their 
use has been limited by the difficulty in making computations by them. 
This difficulty was eliminated by the use of a slide-rule constructed for 

that purpose. 

The exponents in the formula used were selected as representing 
‘as nearly as possible average conditions, as deduced from the best avail- 
able records of experiments upon the flow of water in such pipes and 
channels as most frequently occur in water-works practice. The last 
term, 0.001—9°, is 2 constant, and is introduced simply to equalize the 
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value of c with the value in the Chezy formula, and other exponential 
formulas which may be used at a slope of 0.001 instead of at a slope of 1.* 

The slide-rules were furnished by the Abbott-McKay Corporation, 
21 Pearl St., Boston, Mass., the work being done in Germany. Suitable 
scales were laid out and the position of each graduation was computed to 
0.01 millimeter. The drawings were then engraved upon steel and repro- 
duced upon slide-rules of the general size and appearance of the ordinary 
10-inch Mannheim rule. The graduation is very perfectly done, and 
the accuracy obtained is practically that which can be secured with 
the ordinary slide-rule of this size. 

All the computations of figures contained in this volume, except a 
few fundamental ratios, have been made with the slide-rule, and only 
such accuracy has been sought as can readily be obtained by this 
method of computation. 

This formula has been used by the authors for some time, and it is 
hoped that the tables will be useful to those not accustomed to the use 
of the slide-rule, and also to those who use the slide-rule, as a reference 
showing velocities and velocity heads, and establishing beyond question 
the position of the decimal point, which is the most troublesome feature 
in the use of the slide-rule to beginners. 

These tables are not confined to a single value of the coefficient of 
roughness, which is called c. Instead, a series of values of ¢ is given in 
the various columns, and under each are placed the corresponding losses 
of head. The headings also indicate in a general way the class of pipe 
for which the particular coefficient should be used, but these indications 
are only general, and it is the intention to leave the matter so.that users 
can select such values of ¢ as in their judgment represent the particular 
conditions upon which they are figuring. 

The gradual roughening of the interior of cast-iron pipe is one of the 
most femiliar of water-works phenomena. It is also one of the most 
difficult to compute. In a general way it may be said that in a series 
of years, which is not long compared with the total life of the pipe, the 
roughening of the surface and the reduction of the area through rusting 
and tuberculation reach such an extent that twice as much head is 
consumed in sending a given volume of water through it as was the case 
when the pipe was new. 

In a particular set of foreign tables, based on the Darcy formula, 


* Because engineers generally know the value of ¢ in the Chezy formula for 
ordinary slopes (about 1 in 1000) it was decided to frame the Hazen and Williams 
formula so as to have these old and already known coefficients applicable. 

The Chezy formula is v=cr0.580.5, 

The Hazen and Williams formula was » =c’r0.6330.54, 

For r=1 and s=1, c=c’. 

To make ¢’=c for r=1 and s=0.001 we have (0.001)9-5=6(0.001)0.54, whence 
b=0.001—0.04 and the Hazen and Williams formula becomes 

» = ¢7r0.6380.540 001 — 0.04, 
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the loss of head is given for new pipe, and in the second column, desig- 
nated old pipe, a figure twice as large is given. This has certain advan- 
tages over a table of factors to be applied to pipes of different ages, as 
has been done in several American publications, because it is less apt to 
be forgotten; and while it is a crude precedure, it keeps in mind the 
fact that old pipe will pass very much less water than new pipe. 

In this volume effort has been made to put this subject in better 
shape. It is a difficult matter to handle adequately, for no two pieces 
of iron pipe deteriorate at the same rate, and any figures given are 
therefore at best only approximations to averages, which averages may 
be very far from individual cases. 

The system used is to put certain figures surrounded by circles over 
the columns. This mark was adopted because no words could be found 
sufficiently concise and at the same time accurate. Over the column 
for c=140 are placed two zeros in a circle: (0). That indicates that this 
coefficient is obtained with the very best cast-iron pipe, laid perfectly 
straight, and when new. Over c=180 is placed one zero in a circle, (0), 
and this is the value that can be fairly counted on for good new cast- 
iron pipe. Over the following columns are placed figures in circles. 
These figures show the age in years at which, on an average, as nearly 
as we know, cast-iron pipe will reach the values given in the column 
underneath. It must be understood that these are necessarily very 
rough approximations, based on the best data available, which are prin- 
cipally for soft and clear but unfiltered river-waters. Hard waters and 
lake waters will often attack the pipe less rapidly, and the figures must 
then be increased. Sometimes they must be multiplied by two or more. 
Other waters will corrode the pipes more rapidly than the average, and 
for them the values will be reached more quickly than the figures indi- 
cate. 

The divergence with different castings and with different kinds of 
water is greatest in the smallest pipes, and no attempt is made to extend 
the figures in the circles to the sizes below four inches in diameter. 

Steel pipes tuberculate and corrode in much the same manner as 
cast-iron pipes. On account of the rivets and in-and-out joints the 
average value of ¢ is lower than for cast-iron pipe. The data at hand 
indicate a value of 110 for new pipe, decreasing in the course of about 
ten years to 100. For older pipes, as far as the present data go, steel 

“pipe of a given age will carry the same quantity of water as cast-iron 
‘ pipe of the same size and ten years older. 

On the Value of c—In the Engineering Record of March 28, 1903, 
was published by the authors a table of the values of ¢ computed from 
published experiments upon the friction of water in pipes and conduits 
of various kinds, the results being selected as the most reliable available 
data. This table, with some additions, is as follows: 
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In a general way it may be said that for cast-iron pipe, very straight 
and smooth, ¢ may be as high as 140, but for ordinary conditions 130 
is a fair value for new pipe. As pipes rust and become dirty, the value 
of c decreases, as has been mentioned above. For new riveted steel 
pipe c is about 110. 

In making estimates for pipe-lines where the carrying capacity after 
a series of years, rather than the value of the new pipe, is the controlling 
factor, a considerably lower value of ¢ must be used, depending upon 
the amount of deterioration which is contemplated. A fair value for 
general computation is c=100 for cast-iron pipe and c=95 for steel 
pipe, but for small iron pipes a somewhat lower value of ¢ should be 
taken. In the pipe tables the column of slopes for c=100 is printed 
in heavier-faced type than the rest, as these values are the ones 
which will probably be most often required. Lead, brass, tin, and 
glass, and other pipe presenting perfectly smooth surfaces, and per- 
fectly straight, will give values of ¢ up to 140. A very little falling 
off in the smoothness will reduce the value of c to 130 and 120, or 
even less. For smooth wooden pipe or wooden-stave pipe 120 seems a 
fair value. For masonry conduits of concrete or plastered, with very 
smooth surfaces, when clean, values of c=140 may be observed. Gen- 
erally such surfaces become slime-covered, reducing the value of ¢ to 
130 or less in a moderate length of time; and if the surfaces are only a 
little less smooth, say in such shape as is represented by ordinary good 
work, the value of c is reduced to 120. A conservative value for general 
use with first-class masonry structures is about 120. For brick sewers 
much lower values may be used, and c=100 seems safe. For vitrified 
pipe c=110 may be used. It must be understood that these values de- 
pend entirely upon the smoothness and regularity of the surfaces, and 
are likely to vary in individual cases. 

This formula was designed primarily for computing the flow of water 
in pipes. It seems reasonably well adapted for computing the flow in 
open channels, and the slide-rules have been made so as to allow this 
application. A table has been prepared to show the application of this 
formula to the most reliable experiments upon open channels. From 
the data therein presented the investigator may determine for himself 
the probable accuracy to be obtained and the value of c which should be 
used in a given case. 
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No tables to show the application of these results, that is to say, 
tables corresponding to the pipe tables, have been made for open chan- 
nels. The variations in the conditions of depth, width, slope and char- 
acter of bottom and sides are so enormously great that solution of each 
particular problem by the use of the slide-rule is the only practical way 
of handling the subject. 

The slide-rule will also be found more closely applicable to actual 
conditions in pipes than any tables, because it gives at once values fol 
conditions falling between the values which x is practicable to show in 
the tables, and its use is therefore to be recommended in all cases where 
close computations are desirable. 


ADDITIONAL DATA. 


Ir is eighteen years since the Williams-Hazen formula was first used 
and fifteen since the first edition of these tables appeared. During this 
time many new experiments on the flow of water in pipes have been 
made. Asa new edition goes to press, it is appropriate to examine these 
to see if changes or adjustments are required. 

There are three values open to consideration—two exponents and one 
coefficient. The exponents will be considered first. 


EXPONENT OF SLOPE. 


This exponent shows the rate at which friction increases with velocity. 
A value for the exponent of s may be obtained from a series of experi- 
ments made upon a single pipe line, but each series of experiments, to 
be useful, must cover a considerable range in velocities, and these veloc- 
ities must extend at least as high as those ordinarily used in practice. 

Experiments with seventeen pipes have been selected as being help- 
ful in reaching a representative value for this exponent. Each of these 
pipes was very smooth. The value of the coefficient actually found in 
the experiments is taken as the best evidence of smoothness. Many 
older data have been excluded, because the values of c show that the 
pipes which they represent were not really smooth. The best cast-iron 
pipe of fifty years ago was inferior in smoothness to average pipe of to- 
day. 

Data for pipes less than two inches in diameter are not included. 
Such data are numerous and accurate; but viscosity is a greater element 
in the flow of water in small pipes. Viscosity tends to increase the ex- 
ponent of s in small pipes. 

To get a good indication of the true exponent of s for any pipe the 
range in velocities covered by the tests must be considerable. It was 
first intended to use only data where the tests extended to a velocity of 
ten feet per second; but a rigid application of this rule would leave so 
few data for large pipes, that the limit was reduced to five feet per 
second. Experiments in each series at low velocities if inconsistent with 
those obtained at higher velocities, have been omitted in computing the 
exponent, and for this reason there are divergences in a few cases from 
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exponents previously stated for the same data. The data, bearing upon 
the exponent of s, are shown in Table 1. 

In this table four results attributed to F. N. Speller have not pre- 
viously been published. These relate to experiments made at McKees- 
port, Penn., in 1917. The steel pipes used in experiments Numbers 5, 
7, and 10 were rolled at a temperature so low that mill scale did not 
form; and were as smooth as brass pipe. They were laid perfectly 
straight; flows were measured by Venturi meter, and the loss of head in 
two straight runs of 1000 ft. parallel with each other, one out and one 
back, were measured by differential gauges attached at four points, 
each about 104 ft. from an end or turn. In one case, No. 11 of the table, 
cast-iron pipe was used, but otherwise the conditions of the tests were 
the same. 

Of the seventeen series of experiments now selected, ten have been 
made since the Williams-Hazen formula was proposed in 1902. 

The average of the seventeen values is 0.538. Taking the results 
for 8-inch pipe and over as being perhaps a safer guide for use in cal- 
culations for large pipes, the average is found to be 0.536. In other 
words, in these selected data pipes from 2 to 7.75 inches in diameter 
give practically the same indications as do the larger pipes. The values 
for three pipes of brass and wood, taken by themselves, average 0.572, 
while the fourteen remaining ones, representing pipes of iron and steel, 
average 0.531. 

These results are not far from the value used in the Williams-Hazen 
formula, which is 0.54. No revision of this value appears to be neces- 
sary. 

For rough pipes the value of the exponent s is lower, but seldom or 
never lower than 0.50. Perhaps 0.52 would be a representative value 
for old pipe. Practically the one value of the formula is close enough for 
general use. 


EXPONENT OF r. 


This exponent indicates the rate of increase in velocity with hydraulic 
radius (or diameter) at a constant slope. 

In order to study the Exponent of r, comparison must be made of 
the records of pipes of different sizes. In making comparison it is not 
easy to be sure that the large pipes and small pipes that are compared 
are really of equal smoothness. Perhaps the safest procedure is to com- 
pare the very smoothest pipes of all sizes by themselves, regardless of 
material. To do this, data showing the highest coefficients known to 
the authors are selected. Comparison is made by plotting the values 
of the coefficients in the Williams-Hazen formula on logarithmic paper. 
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By making the logarithmic scale ten times greater in one direction than 
the other the differences are exaggerated and the results are spread out 
so as to allow a great variety of results to be adequately shown without 
crowding. Such a plotting of the values of ¢ is presented in plate I. 

The value of ¢ for any one pipe does not usually vary much with 
velocity; and if the exponent of s is correct, the variation should be as 
often in one direction as in the other. But sometimes there are varia- 
tions, and to make sure of having all the data on a comparable basis, 
this diagram represents only conditions with velocities falling between 
3 to 3.5 feet per second. 

Selecting the values of c in this way has the result of using as a start- 
ing point a velocity of about 3.25 feet or approximately one meter per 
second. This is believed to be a safer procedure than the usual one of 
using a velocity of one foot per second as a base, because one foot per 
second is below the ordinary velocities of practical use for which esti- 
mates are made; and viscosity may play a greater part in the results at 
that velocity than it does in the higher velocities of ordinary practice. 

In Table 2 are listed those experiments, plotted in Plate I, which 
show the highest values of c, and which are, therefore, most important 
for our present purpose. 

In Plate 1 and Table 2 a number of results are shown for pipu less 
than 2 inches in diameter. These are shown for completeness and 
interest; but because viscosity may exert a greater influence in them, 
they should be disregarded so far as they differ from the indications for 
larger pipe, when a formula for use with larger pipe is being considered. 

If these data were exactly in accord with Williams-Hazen formula, 
then the coefficient for the smoother pipes large and small would lie 
in one horizontal line at the top. The smoothest pipes actually come 
near to doing this. Plotted on a scale without the 10 to 1 exaggeration 
this lining up would be more striking. If instead of being horizontal 
the general slope of the limiting line of highest results is upward to the 
right, it indicates a higher value of the exponent of R than the 0.63 of the 
formula, while a slope in the other direction would indicate a lower value. 

For the purpose of aiding judgment two lines have been drawn cor- 
responding to values of 0.62 and 0.64; that is to say, with one point 
variation either way from the value of 0.63 used in the W. & H. formula. 

The exponent of 0.63 means that with a fixed slope, and equal 
smoothness of pipe wall, the velocity will increase as the 0.63 power of 
the diameter. But as our plotting is made for a fixed velocity, it may be 
more accurately stated the other way about: The friction will decrease 
with increasing pipe size in the ratio of the two exponents in the formula 
0.54 and 0.63 or as the inverse 1.167 power of the diameter. In similar 
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way the line marked 0.62 corresponds to an exponent of 1.148 in the 
other forms of statement and the line marked 0.64 corresponds to an 
exponent of 1.185. 

Abundant and accurate data (not here shown) indicate that for 
pipes less than 1 inch in diameter the exponent of r is greater than 0.63. 
Saph and Schoder’s experiments on the flow of water in small brass pipes 
are among these. For such pipes, the Saph and Schoder formula is 
better. If the Williams-Hazen formula is used, it must be borne in 
mind that, owing to the influence of viscosity, the flows in such pipes 
may be as much as 10 per cent less than would otherwise be expected, 
and coefficients correspondingly smaller are to be used. 

A few data for 6- and 8-inch extremely smooth pipes are almost in 
line with the data for small brass pipes; and if we had no records of the 
flow in still larger pipe, it might be thought that the Saph and Schoder 
formula was applicable to pipe of all sizes. But for larger pipe our best 
data indicate a lower value of the exponent of r. The highest coeffi- 
cients for pipes above two inches in diameter as plotted are not far from 
level at the top of the diagram. Perhaps an inclination corresponding 
to an exponent of 0.64 would come nearer to representing the data for 
pipes from 2 to 60 inches in diameter. But for still larger pipes there 
are instances of pipes believed to be exceedingly smooth that show lower 
values. Scanty data for such large pipes indicate a value that is lower 
than 0.63. 

The question of the best exponent to use for large pipe could be 
settled conclusively by a series of experiments on large pipe like those 
that Saph and Schoder made on small ones. The diameters of the pipes 
might be 100 times greater; the velocities might remain the same. 
The quantities of water to be measured would then be 10,000 times 
ereater than those used by Saph and Schoder. The difficulties of such 
experiments are obvious, and unfortunately there is no reason to expect 
that such tests will be made in the near future. For the present we can 
only make the best use of such data as we have. 

Taking it all together, the old formula as proposed 18 years ago is 
about as near right in its exponents as it can be made to-day. Certainly 
there is no clear-cut indication, in the more abundant present data, that 
a change is desirable. 


COEFFICIENTS. 


The coefficient is an index of the smoothness of the interior of the 
pipe surface. As a practical matter the coefficient to be used in any 
estimate is a matter of more concern than the exponents. Some data 
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as to the coefficients for different kinds of pipe and for open channels, 
accumulated since the first edition of these tables are now added to the 
tables. In general, the added data and the experience with the use of 
the formula do not suggest considerable changes in the coefficients that 
were first recommended. 

For new cast-iron pipe 130 remains the appropriate value; but 140 
is sometimes reached, and there is a record 0 one pipe with a value of 
147. 

Some kinds of pipe are smoother than cast-iron pipe. Wood pipe has 
been made very smooth. Of metal pipes, brass and tin are the smoothest 
and have given the highest coefficients; but steel, rolled below the tem- 
perature at which mill scale is formed, is almost equal in smoothness 
to brass. Cement pipe, poured in steel moulds, sometimes has a finish 
almost as smooth as glass. Experiments Numbers 6, 16, 17, 18 and 38 
in Table 2 represent such pipes. The tests were made in each case when 
the pipe was quite new. Unfortunately, the extreme smoothness is 
not durable; and subsequent experiments on the same pipes in several 
cases have given lower coefficients. 

These three kinds of pipe, wood, rolled metal and cement cast against 
rolled metal, when new and perfectly clean, give coefficients up to 145 
and 150; and in three cases to 152 and 153. These represent the smooth- 
est pipe so far tested. On the other hand various other kinds of pipe 
and old pipe are less smooth and give lower coefficients. 


COEFFICIENTS OF OLD PIPES. 


Most pipe in actual use is of iron or steel, and such pipe always 
deteriorates in carrying capacity with age. The rate of deteriora- 
tion depends upon three conditions; first, the quality of the metal; 
second the excellence of the pipe coating; and third, the quality of the 
water. 

At the top of the pages of Hydraulic Tables are shown heavy faced 
figures, enclosed in circles representing the ages in years at which it is 
supposed on an average iron pipes would reach the coefficients indicated. 
These are intended to serve as a warning to the estimator of the reduced 
capacity to be faced with age, and as a guide in making allowance 
for it. 

Since the first edition, many added data have accumulated, but these 
are not of a kind to be easily arranged for presentation in concise form. 

In general it may be stated that rather large deviations from the 
indicated rates of reduction in carrying capacity are found in individual 
cases, but that, in the experience of the authors, the variations are 
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about as often in one direction as in the other. The figures are believed 
to be useful as a general indication of probable conditions. 

The following instances may be of interest: 

A 24-inch cast-iron pipe, twenty-three years old, carrying Lake Mich- 
igan water, through which a fair velocity was always maintained, was 
found to have a coefficient of 118. The deterioration actually found was 
that indicated by the tables for a pipe of one-third its age. Other data 
indicate that pipes carrying moderately hard but clear waters from the 
Great Lakes and other large clean lakes will lose their capacity but 
slowly. 

Raw or untreated river waters of average turbidity, from which the 
heaviest sediment has been removed by settling, may be expected to 
follow more closely the indications of the figures. Pipes carrying filtered 
water may be expected to deteriorate less rapidly than pipes carrying 
raw water. 

On the other hand, when water is treated chemically the equilibrium 
of its mineral constituents is sometimes disturbed in a way to increase 
the corrosion of the pipe through which it flows, and to reduce carrying 
capacity more rapidly. In a similar way water carrying saline matters, 
as for instance, dilute sea-water, encourages tuberculation and tends to 
more rapid reduction in carrying capacity. 

In one water works system tests of representative pipes of various 
ages by measuring the flows with pitometer and the frictions by differ- 
ential gauges have been made. The water was clear, soft, unfiltered 
water from impounding reservoirs with some admixtures of harder 
ground water. TEight-inch pipes of many ages up to fifty years were 
tested. The reductions in carrying capacity were found on an average 
to correspond fairly well with the figures in the circles of the tables. 

In another system where the mineral contents of the water had been 
higher, similar tests of pipes up to thirty years old showed that the 
reduction in capacity was considerably more rapid than indicated. 

Muddy river waters sometimes deposit sediment in pipes in which 
there is but little flow and so lose their carrying capacity with a rapidity 
for which no rule can be suggested. And a few waters have been noted 
capable of forming deposits of calcium carbonate on the interiors of the 
pipes, reducing their sections and making them rougher. 

The quality of metal in the pipe and the excellence of coating have 
much to do with the rapidity of corrosion and loss of capacity. Large 
riveted pipes of wrought iron, with a double coating of a mixture of coal 
tar and asphalt, the first coating put on very hot and thin for adhesion, 
and the second less hot and thicker for durability have been found in 
some cases to have lost but little of their original carrying capacity 
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after thirty or forty years. Interior inspection of these pipes shows 
hardly any tuberculation and but few blisters. Other pipes of equal 
quality, so far as known, have shown reductions in carrying capacity 
corresponding approximately with the figures in the circles. 

The problem is too complicated for one to estimate with accuracy 
what the carrying capacity of old pipe will be. Whenever the carrying 
capacity of an old pipe becomes important, the one sure way is to make 
a test of it by pitometer or otherwise, and determine its coefficient. 

Looking to the future, it is not unreasonable to hope that improved 
pipe coating may be found that will materially lessen deterioration with 
1ge. 


SMALL. BRASS PIPES. 
c=130: 
MAY ALSO BE USED FOR STRAIGHT LEAD, TIN, AND DRAWN-COPPER PIPES. 


Diameter es Loss of Head in Feet per 1000 feet of length. 
ae for v=1 

Inches. Ft. per 

Second. v=0.5' v=1.0’ v=2.0’ v=3.0’ v=4.0' v=5.0' 
0.03 3.2) 1170 2350 4700 7050 9400 11700 
0.04 5.6| 660 1310 2620 8940 $250 6600 
0.05 8.8} 420 840 1680 2520 38370 4350 
0.06 12:7) 290 580 1170 1750 2340 3520 
0.07 17.3'| 215 430 860 1290 1930 2950 
0.08 22.6 164 830 660 990 1650 2500 
0.09 28.5] 130 260 520 840 1440 2200 
0.10 35.3] 105 210 420 750 1270 1940 
Oeil 42.7 8&7? 174 350 670 1140 1730 
0.12 51 73 146 293 605 1030 1560 
0.14 69 54 108 239 505 860 1310 
0.16 90 41 &2 202 430 740 1120 
0.18 114 32 65 178 375 640 980 
0.20 141 26 52 157 333 570 860 
0.22 171 21 43 141 300 510 770 
0.24 203 18 36 127 270 | 460 700 
0.26 238 15 32 116 245 418 640 
0.28 277 13 30 106 225 382 580 
0.30 317 12 27 98 209 354 540 
0.35 432 9 23 83 175 299 450 
0.40 564 7 19 70 149 252 385 
0.45 714 5 17 61 130 220 335 
0.50 880 4.15 15 54 114 195 295 
0.55 1,070 3.75 13.4 48 102 174 265 
0.60 1,270 3.35 174-1 44 92 157 240 
0.65 1,490 3.07 11.0 40 84 144 220 
0.70 1,730 2.80 10.1 36 ida 132 200 
0.75 1,990 2.59 9.4 34 71 121 184 
0.80 2,260 2.40 8.7 31 66 I13. 170 
0.85 2,550 2.23 8.1 29 62 105 159 
0.90 2,860 2.10 eb 27 58 98 148 
0.95 3,180 1.96 Hell 26 547 ve 92 139 
1.00 3,520 1.85 6.7 24 51 87 131 
1.10 4,250 1.65 6.0 PA 46 78 7, 
1.20 5,080 1.50 5.4 19 41 70 106 


Note.—Figures in italics are below the critical velocity and are computed by the 


a ; = 
formula v=475sd ( 60) ° 


t (temperature) is taken as 50° F. 
25 


SMALL PIPE. 
WROUGHT-IRON-PIPE SIZES. 


Hiecnatee in Loss of Head in Feet per 1000 feet of length. 
Nom- | Actual Velocit 
\ G y; 
Size, | “eter, | por | poras | SmPe' | seein | Smocth.| Ord | ora | very 
Inches. | Inches. | yinute. | Hours. and Nee fee Iron. | Rough. 
Straight. : : 


c=140 | c=120 | c=100 c=80 c=60 


SS Oe OS ee ee eS 8 es SS 


$ 05 270nhw0n2 288)|iol2 33 44 62 94 158 
0.4 yal Chere i aa) 158 220 335 570 

0.6 864] 3.36 | 250 335 470 710 1210 

0.8 1,152] 4.48 | 430 570 800 | 1210 2050 

1.0 1,440] 5.60] 650 860 | 1210 | 1830 3100 

i 0.364 | 0.5 720| 1.54 42 56 78 118 200 
1.0 1,440] 3.08 | 150 200 280 430 730 

1.5 2,160| 4.62 | 320 425 600 910 1540 

ono 2,880] 6.16} 550 730 | 1080 | 1550 2600 

225 3,600| 7.70} 830 | 1100 | 1530 | 2320 4000 

4 0.494 | 1 1,440] 1.67 34 46 64 97 165 
2 2,880; 3:35 | 125 167 233 350 600 

3 4,320] 5.02] 260 350 490 740 1260 

4 5,760] 6.70 | 450 600 840 | 1260 2150 

5 7,200] 8.37] 680 900 | 1260 | 1900 3250 

4 0.623 | 1 1,440} 1.05 11 15 21 31 53 
2 2,880] 2.10 40 53 74 112 192 

3 4,320] 3.16 85 113 158 240 410 

4 5,760} 4.21 | 145 192 270 410 700 

5 7,200] 5.26 | 220 290 410 620° | 1050 

6 8,640| 6.31 | 310 410 570 870 1470 

7 10,080} 7.37 | 410 540 760 | 1150 1950 

8 11,520| 8.42 | 520 700 980 | 1480 2500 

9 12,960| 9.47 | 650 860 | 1210 | 1830 3100 

10 14,400] 10.52 | 790 | 1050 |} 147 2230 3800 

2 0.824} 2 2,380)\e. Ye20 10 14 19 29 49 
3 4,320} 1.80 22 29 41 61 105 

4 5,760 |. 2241 37 50 70 105 180 

5 7,200] 3.01 56 v3) 105 159 270 

6 8,640] 3.61 79 105 147 224 380 

8 11,520] 4.81 | 135 180 250 380 650 

10 14,400] 6.02] 205 271 380 580 980 

12 17,280] 7.22} 285 380 530 800 1370 

15 21,600} 9.02] 430 570 800 | 1220 2030 

20 28,800] 12.03 | 730 970 | 1360 | 2060 3500 


1 ee 
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Nom- | 


inal 
Size, 


Inches. | 


SMALL PIPE. 


WROUGHT-IRON-PIPE SIZES. 


Discharge in 
Gallons. 


Loss of Head in Feet per 1000 feet of length. 


secu et | 

bee eee a gd tenn) OE | oy 

Minute. | Hours. Bae Tron. Iron. Iron. Rough. 

c=140 | c=120 | c=100 c=80 c=60 

1.048 3 4,320! 1.12 6.8 9.0 12.6 19.0 32 

4 5,760; 1.49 Io) oe) 21.4 Sno) 55 

5 7,200} 1.86 LZ 5) 23 .2 32.5 49.1 84 

6 8,640) 2.23 24.5 32.5 45.5 69 iil? 

8 11,520] 2.98 42.0 55 78 iy 200 

10 14,400} 3.72 63 84 117 177 300 

12 17,280 4.46 88 117 164 250 420 

14 20,160} 5.20 | 117 155 220 330 560 

16 23,040) 5.95 | 150 200 280 420 720 

18 25,920} 6.69 | 185 250. 350 520 890 

20 28,800| 7.44 | 226 301 420 640 1090 

25 36,000 9.30 | 340 455 640 960 1640 

30 43,200} 11.15 | 480 640 $90 1350 2300 

35 50,400! 13.02 | 640 850 1190 1800 3080 

40 57,600 | 14.88 | 820 1090 1520 2300 3900 
1.380 4 5,760} 0.86 3.0 4.0 5.7 8.6 14.5 
5 4,200) 1.07 4.5 6.0 8.4 WF 21.8 

6 8,640] 1.29 6.4 8.6 12.0 18.2 31 

0 10,080} 1.50 8.5 11.4 15.9 24 41 

8 11,520) 1.72 iL.) 14.5 20.3 31 53 

10 14,400; 2.14 16.5 21.8 30.5 46 79 

12 17,280} 2.57 23.0 30.8 43 65 110 

14 20,160; 3.00 30.8 41 57 87 148 

16 23,040} 3.43 39.2 52 73 iii 189 

18 25,920) 3.86 49 65 91 isy/ 235 

20 28,800} 4.29 60 79 111 168 286 

25 36,000} 5.36 89 119 166 251 430 

30 43,200} 6.43 | 126 169 235 358 610 

35 50,400} 7.51 | 168 223 312 470 800 

40 57,600] 8.58 | 214 285 400 610 1030 

50 72,000 | 10.72 | 325 432 600 920 1560 

60 86,400} 12.87 | 450 610 850 1290 2200 

70 100,800] 15.01 | 610 | 810 1130 1700 2900 

80 115,200 | 17.16 | 780 1030 1450 2200 3700 

90 129,600 | 19.30 | 960 1280 1800 2700 4600 


13-INCH WROUGHT-IRON PIPE. 
(Actual Diameter, 1.611.) 


Discharge in Gallons. Loss of Head in Feet per 1000 feet of length 
Velocity, vy, 
Per Per 24 Second. Sipooth and eee Soe nok Rook 
Minute. Hours. ? 
c=140 c=120 c=100 c=80 c=60 
4 5,760 0.63 1.42 1.87 2.62 4.0 6.8 
5 7,200 0.79 2.13 2.83 3.98 6.0 10.3 
6 8,640 0.94 2.98 3.98 5.6 8.4 14.3 
0 10,080 eae) 3.970 5.3 7.4 EZ, 19.2 
8 11,520 1.26 5.1 6.8 9.5 14.3 24.2 
9 12,960 1.42 6.3 8.4 11.8 17.9 30.6 
10 14,400 1.57 hath 10.2 14.3 PAY A? 36.6 
12 17,280 1.89 10.8 14.3 20.1 30.4 52 
14 20,160 2.20 14.3 Lom 26.8 40.5 69 
16 23,040 2.52 18.3 24.4 34.1 52 88 
18 25,920 2.83 22.8 30.2 42.4 64 109 
20 28,800 3.15 27.8 37 52 78 134 
22 31,680 3.46 33.0 44 62 93 159 
24 34,560 3.78 38.8 52 7 108 185 
26 37,440 4.09 45.1 60 84 127 217 
28 40,320 4.41 52 69 © 97 146 248 
30 43,200 4.72 59 78 110 166 282 
35 50,400 5.51 78 103 147 220 374 
40 57,600 6.30 100 133 188 281 480 
45 64,800 7.08 124 166 232 350 600 
50 72,000 7.87 152 202 284 428 730 
55 79,200 8.66 181 240 340 510 870 
60 86,400 9.44 212 281 396 600 1020 
65 93,600} 10.23 246 328 459 700 1180 
70 100,800} 11.02 282 376 530 800 1360 
18 108,000} 11.80 321 427 600 900 1540 
80 1155200) 12.59 361 480 680 1020 1730 
85 122,400/ 138.38 405 540 750 1140 1940 
90 129,600} 14.17 450 600 840 1260 2140 
95 136,800 | 14.95 498 660 930 1400 2390 
100 144,000} 15.74 550 730 1020 1540 2620 
110 158,400} 17.31 650 870 1220 1840 3120 
120 172,800} 18.89 770 1020 1480 2170 3690 
130 187,200} 20.46 890. 1180 1660 2500 4260 
140 201,600; 22.04 1020 1360 1900 2880 4890 


Discharge in 
allons. 


Veloc- 


2-INCH PIPE OR HOSE. 
(Actual diameter, 2.00 ins.) 


Loss of Head in Feet per 1000 feet of length. 


ity in Very : 
Goa Head, Smooth Dany || Smooth vOnde: ola | Very | Badly 
uete,| Bez |sccona| Feet’ suraiene/Stmight| New | nary | ron, | nough,| Tuber, 
Tin, ete. Tm, ete, 

e=140 | e=130 | c=120|c=100| c=80 | c=60 | ¢=40 

6 8,640) 0:61 |) 0.01 1.0 2, 1.4 2.0 29 5.0 10.7 

8 11,520} 0.82 | 0.01 Mh exe) 2.0 2.4 3.3 5.0 8.6, 18.2 

10 14,400} 1.02 | 0.02 2.7 3.1 3.6 5.0 (0) 29 27.4 

12 17,280| 1.23 | 0.02; 3.8 4.3 5.0 EAD) il@ez4) 1ks.Al 38.5 
14 205160) 1243500341 5.0 5.8 6.7 9.4) 14.2) 24.1 51 
16 23,040 | 1.63 | 0.04 6.4 Oot 8.6} 12.0) 18.2) 30.9 66 
18 25,920} 1.84 | 0.05; 8.0 972) LOR) F459) 2207) 38.6 82 
20 28,800] 2.04 | 0.06 | 9.8 11.2) 12.) 18.2) 27.5) 46.8 99 
25 36,000} 2.55 | 0.10 | 14.8) 16.9) 19.6) 27.3) 41.6) 71 150 
30 TEVAN0) || BO | Oy) BO 7 Poel) ae Btshae!] ats 99 210 
35 50,400] 3.57 | 0.20 | 27.5) 31.5) 36.6) Sl 78 132 280 
40 57,600 | 4.08 | 0.26 35.1; 40.2) 46.3) 66 99 168 359 
45 64,800 | 4.60 | 0.33 43.8} 50 58 82 123 210 446 
50 72,000} 5.11 | 0.40 | 53 61 71 99 150 257 540 
55 | 79,200} 5.62 0.49 | 64 73 84 118 179 | 305 640 
60 86,400} 6.13 | 0.58 | 74 86 99 139 210 359 760 
65 93,600| 6.64 | 0.68 | 86 99 115 161 244 416 880 
70 100,800" 7.15 | 0.79 oe, 114 132 184 280 477 1010 
75 |108,000| 7.66 | 0.91 | 113 129 149 209 318 540 1150 
SOM oe ZO0) Srl mele Oe 27, 146 169 237 358 610 1280 
90 |129,600° 9.19 | 1.31 | 158 182 210 294 447 760 1610 
100 |144 000 10 Pal || iLO |) i@p. 220 256 358 540 920 1960 
110 /158,400 j11.23 | 1.96 | 230 262 306 429 650 |1110 2330 
120 |172,800 |12.25 | 2.33 | 271 310 360 500 760 |1300 2760 
130 {187,200 |13.28 | 2.73 | 312 360 418 580 880 {1510 3190 
140 /201,600 |14.30 | 3.17 | 360 413 479 670 {1020 |1730 3670 
150 |216,000 |15.32 | 3.64 | 407 465 540 760 {1140 1950 4180 
160 {230,400 |16.34 | 4.14 | 460 530 610 860 {1290 |2210 4690 
170 |244,800 17.36 | 4.67 | 520 590 690 960 |1460 |2480 5300 
180 = /259,200 |18.38 | 5.23 | 570 650 760 |1070 {1620 |2730 5800 
190 |273,600 |19.40 | 5.84 | 630 720 840 |1180 {1780 |3030 6400 
200 (288,000 |20.42 | 6.46 | 690 800 920 1290 {1960 {3330 7100 
220 |316,800 |22.47 | 7.82 | 830 950 |1110 |1540 |2340 |3990 8400 
240 /345,600 )24.51 | 9.31 | 980 {1120 {1300 {1820 |2760 /|4700 9900 
260 /|374,400 |26.55 |10.90 ;1130 |1290 {1510 [2110 {3190 (5400 /|11500 
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Discharge in 


° 


24-INCH PIPE OR HOSE. 
(Actual diameter, 2.50 ins.) 


Loss of Head in Feet per 1000 feet of length 


VRONE 


to 09 


Gallons. 
hye MENS ice | ae 
He Head. Rmicoth nary eres Ordi- Ola ore nel, 
Mtinute.| Hours, Second | Fe JseraightSBS@>t) ew | per | Tron. | Rough.| Zuber, 
Tin, ee |e eve 
c=140 | c=130 | c=120 | c=100|] c=80 | c=60 | C=40 
8 11,250} 0.52 | 0.00 0.6 0.7 0.8 1.1 es, 2.9 6 
10 14,400} 0.65 | 0.01 0.9 LO) ieee 17; 26 4.3} 9 
12 17,280) 0.78 | O20 Le 1.4 iL % 2.4 3.6 6.1 WP 
14 20,160 | 0.92 | 0.01 Ube Zi 2.0 2.3 3.2 4.7 8.2 live 
16 23,040] 1.05 | 0.02 2.2 2.5 2.9 4.1 Gor) Os) ee 
18 25,9201 1.18 | 0.02 Py Ff Shall 3.6 5.0 (Ol 229 27 
20 28,800} 1.31 | 0.03 3.0 3.8 4.3 6.1 OFZ lay 33 
25 36,000] 1.63 | 0.04 4.9 ih 6.6 eel) SIRO. PRS 7 50 
30 | 43,200 1.96 ; 0.06 6.9 8.0 O22 9 ORS ese 70 
35 50,400} 2.29 | 0.08 OF 2 aL ORG el 2e3 | el geese On 0 meetin 94 
40 57,600} 2.61 | 0.11 Si W325) VSs7) S2250) 3322" 57 120 
50 72,000 | 3.27.| 0.17 WiaS| 2026 e23es Eta nemo 86 182 
60 86,400} 3.92 | 0.24 24.9) 28.7] 33.2] 46.5) 70 120 254 
72 100,800} 4.58 | 0.33 SEn74| Bisaill| AE byl (Ae 94 160 338 
80 |115,200/] 5.23 | 0.43 42.5! 48.8) 56 79 120 204 433 
90 {129,600} 5.88 | 0.54 53 61 70 98 149 254 540 
100 |144,000] 6.54 | 0.66 64 74 86 120 182 309 660 
120 |172,800| 7.84 | 0.95 90 103 120 168 254 433 920 
140 /|201,600} 9.15 | 1.30 | 120 138 159 223 339 580s 1220 
160 |230,400 }10.46 | 1.70 | 156 178 207 290 440 750 1570 
180 |259,200 |11.76 | 2.15 | 191 219 254 357 540 920 1940 
200 |288,000 |13.07 | 2.66 | 232 267 309 431 660 (1120 2370 
220 |316,800 14.38 | 3.22 | 277 318 369 520 780 |1330 2820 
240 |345,600 /15.69 | 3.82 | 330 376 438 610 920 |1570 3340 
260 {374,400 |16.99 | 4.48 | 378 432 500 700 |1070 |1810 3860 
280 |403,200 /18.30 | 5.20 | 432 497 580 810 /1220 |2080 4400 
300 |432,000 /19.61 | 5.98 | 493 570 660 920 {13890 |2370 5000 
320 |460,800 |20.92 | 6.80 | 560 640 740: |1080 (1570 [2670 5700 
340 |489,600 |22.22 | 7.68 | 620 710 820 |1160 |1750 {2980 6400 
360 518,400 |23.53 | 8.60 | 690 790 920 1280 /|1940 {3310 7100 
380 |547,200 |24.84 | 9.60 | 780 890 1020 . |1420 |2160 /3670 7800 
400 {576,000 |26.14 |10.62 | 840 960 |1120 |1560 |2370 |4020 8600 
420 604,800 |27.45 |11.70 | 920 |1050 [1220 |1710 |2590 [4400 9300 
440 {633,600 |28.76 |12.85 |1000 |1150 [1330 . 11860 [2810 |4800 /10200 
460 {662,400 |30.07 /14.00 |1110 |1260 |1460 |2050 /3100 {5300 /11209 


3-INCH PIPE. 
(Actual diameter, 3.00 ins.) 


ees in Loss of Head in Feet per 1000 feet of length. 
Veloc- Veloc- 
ity in : Very . l 
Feet | yeaa, (Smooth| Om | smooth) Ordi- Badl 
Mintte,| BE2E | secona) Fee" lauratene Sumieht| New | nary | 200 | gh) Tuber, 
Tin, St Tin, ete. 
c=140 | c=130 | c=120 | c=100|] c=80 | c=60 c=40 
10 14,400} 0.45 | 0.00 0.37) 0.438) 0.50 0.7 iL) iL 3.8 
15 21,600} 0.68 | 0.01 0.79} O.91{ 1.06 iL is 2.2 3.8 8.1 
20 28,800) 0.91 | 0.01 UB, il Gs)» 0) 2.5 3.8 6.5) 13.8 
25 | 36,000) 1.13 | 0.02 2.04) 2.34) 2.71 3.8 5.8 9.8) 20.8 
30 43,200} 1.36 | 0.03 2.87) 3.29) 3.81 5.4 Sel Sse Si 292, 
35 50,400} 1.59 | 0.04 SO 4a Si onl oil MOET IKS.8) BS 6) 
40 57,600} 1.82 | 0.05 4.89} 5.6 (),403) Doll) USS Bey 4@) 97 
50 72,000] 2.27 | 0.08 7.4 8.5| 9.8 UBSofe}] P03) 355,55) 7/55 
60 86,4001 2.72 | 0.12 | 10.3 | 11.8 | 13.7 19.2) 29.1) 49.6) 105 
70 100,800) 3.18 | 0.16 | 13.8 | 15.8 | 18.3 25.7| 38.8] 66 140 
SO milo 200} 8S OSn OnZO lime Onle20n26| 2304 32.8] 49.6) 84 179 
90 129,600] 4.09 | 0.26 | 21.9 | 25.1 ; 29.1 40.8} 62 105 223 
100 |144,000| 4.54 | 0.32 | 26.7 | 30.6 | 35.2 49.6) 75 128 PATE 
120 |172,800| 5.45 | 0.46 | 37.2 | 42.8 | 49.7 70 106 179 380 
140 /|201,600| 6.35 | 0.68 | 49.6 | 57 66 92 139 238 510 
160 230,400 7.26 | 0.82 | 64 73 84 118 179 306 650 
180 |259,200; 8.17 | 1.04 | 79 91 106 148 223 380 810 
200 /288,000| 9.08 | 1.28 | 96 110 128 178 271 461 980 
220 |316,800| 9.99 | 1.55 |114 132 153 2138 323 550 11170 
240 1345,600 |10.89 | 1.84 {134 154 179 251 380 650 {1370 
260 |374,400 11.80 | 2.16 |156 179 208 291 440 750 + |1590 
280 |403,200 |12.71 | 2.51 |179 206 238 3384 510 860 {1830 
300 |432,000 13.62 | 2.88 |204 233 271 380 580 980 |2080 
320 |460,800 |14.52 | 3.28 |229 263 306 428 650 {1110 /|2330 
340 |489,600 |15.43 | 3.71 |257 294 342 479 720 {1230 /|2610 
360 |518,400 |16.34 | 4.15 |286 328 380 530 800 |1370 |2910 
380. |547,200/17.25 | 4.62 |317 361 420 590 890 |1520 /3210 
400 j576,000 |18.16 | 5.11 |348 399 461 650 980 |1670 |3520 
420 |604,800 |19.06 | 5.64 |380 436 510 710 |1070 |1830 |3870 
440 |633,600 |19.97 | 6.20 |414 475 550 770 =|1170 j1980 |4220 
460 {662,400 |20.88 | 6.78 |449 520 600 840 1270 |2160 14570 
480 {691,200 |21.79 | 7.38 |488 560 650 910 |1370 |2330 |4980 
500 |720,000 22.70 | 8.00 |530 600 700 980 |1480 |2520 |5400 
550 =-|792,000 '24.96 | 9.70 |620 720 830 1170 =|1770 |3010 {6400 
600 /864,000 27.23 |11.50 |740 840 980 1370 |2070 |3520 |7400 


31 


Discharge in 
Gallons. 


4-{NCH PIPE. 


Lose of Head in Feet per 1000 feet of length. 


Veloc- | Veloc- 
Feet | Hea 
ee ee cea One) ©) 
c=140 | c=130 | c=120 | c=100| c=80 | c=60 | c=40 
20 28,800} 0.51 | 0.00 0.33} 0.38} 0.44 0.62 0.9 1.6 3.4 
25 36,000} 0.64 | 0.01 0.50} 0.58] 0.67) 0.94 1.4 2.4 elt 
30 43,200} 0.77 | 0.01 QAO) COyesill OO) Tae P44) 3.4 7.2 
35 50,400} 0.89 | 0.01 0.94, 1.07) 1.24) 1.74 226 4.5 9.6 
40 57,600) 1.02 | 0.02 20) 1.38 1,59) 2.28 3.4) tes) el OJ 
50 72,000) 1.28 | 0.03 182) 27208 2e4iee oad ral: gseatSi| Sos 
60 86,400) 1.53 | 0.04 2.53) 2.91). 3.38) 4.72 (ines) a4) PG) 
70 100,800} 1.79 | 0.05 Suaish Giasts| 2450) (8.83 9.5) 16.3} 34.4 
80 115,200} 2.04 | 0.06 4.32) 4.97| 5.8 8.1 1222) 20ESi 44 
90 129,600} 2.30 | 0.08 5.4 6.2 7.2 | 10.0 15.2\ 2559) 55 
100 144,000; 2.55 | 0.10 6.5 to SESmei2en 18.5] 31.3) 66 
120 172,800} 3.06 | 0.15 OP 2 Oran roe. Cre il 25.8} 44 93 
140 ADNAN) Bia | OSA |) 2 | alze 6.2 | 22.8 34.4) 59 124 
160 230,400) 4.08") 0.26 | 15.7 | 17.9 | 20.8 | 29.1 44 (65 159 
180 259,200) 4-60! 0.33 | 19.4 | 22.2 | 25.9 |) 36-1 55 93 198 
200 28S 000 Foe OPA 2357 a2 7 Onl Slee ae 66 113 240 
220 316,800) 5.62) 0.49 |) 2821) 32.2 153753") 52 79 135 287 
240 345,600; 6.13 | 0.58 | 33.0 | 37.9 | 44 62 93 158 337 
260 374,400; 6.64 | 0.69 | 38.3 | 44 51 72 108 184 391 
280 403,200} 7.15 | 0.79 | 44.0 | 50 59 §2 124 210 448 
300 432,000] 7.66 | 0.91 | 50 57 67 93 141 240 510 
320 460,800} 8.17 | 1.04 | 56 65 vis) 105 158 271 580 
340 489,600} 8.68 | 1.17 | 68 1? 84 117 178 303 640 
360 518,400} 9.19 | 1.31 | 70 80 93 131 197 SB 710 
400 576,000|10.21 | 1.62 | 85 98 113 160 241 410 870 
450 648,000)11.49 | 2.05 |107 122 141 198 299 510 {1080 
500 720,000)12.77 | 2.53 |129 148 172 240 362 620 {1320 
550 792,000)14.04 | 3.06 |153 177 205 287 433 740 |1570 
600 864,000/15.32 | 3.65 |181 207 240 337 510 870 /1840 
650 936,000/16.59 | 4.28 |209 240 279 390 590 |1010 {2130 
700 |1,008,000)17.87 | 4.96 |240 276 320 449 680 /1160 |2450 
750 |1,080,000)19.15 | 5.70 |272 312 362 510 770 =|1810 |2790 
800 |1,152,000/20.42 | 6.48 |308 352 410 570 870 |1480 {3120 
850 (}1,224,000/21.70 | 7.30 |343 395 458 640 970 |1650 1/8510 
900 |1,296,000)/22.98 | 8.20 |382 439 510 710 1080 |1840 |390¢ 
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DPINCH) PIPE: 


Discharge in Gallons. 


Per Per 24 
Minute. Hours. 
30 43,200 
40 57,600 
50 72,000 
60 86,400 
70 100,800 
80 115,200 
90 129,600 
100 144,000 
120 172,800 
140 201,600 
160 230,400 
180 259,200 
200 288,000 
220 316,800 
240 345,600 
260 374,400 
280 403,200 
300 432,000 
320 460,800 
350 504,000 
400 576,000 
450 648,000 
500 720.000 
550 792,000 
600 864,000 
650 936,000 
700 | 1,008,000 
750 | 1,080,000 
800 | 1,152,000 
850 | 1,224,000 
900 | 1,296,000 
950 | 1,368,000 
1000 | 1,440,000 
1100 | 1,584,000 
1200 | 1,728,000 
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Loss of Head in Feet per 1000 feet of length. 
Ma Veloce oe ena 
Feet co \ 
sevona.| Feet] 2) | ©) | @| & 
c=140 | c=130 | c=120 | c=100| c=80 | c=60 | c=40 
0.49 | 0.00 0.24; 0.27) 0.31) 0.44) 0.67 gil 2.4 
ONGSE| OPO O40 0846) 7 0754)" 0275) 17114 19 4.1 
OR SZm ORO: WON WOlO) Oss) Tey ihe 2.9 Gao, 
0.98 | 0.02 Oso Oe Woe Tesh) Se Zat 4.1 Sat 
1.14 | 0.02 UE ee lie 1) | ele) 2 ean eT Sa] cal. 2 
Bil | OeOs AWG Ib Grd ab By Ail 2b ala OO) i148 
1.47 | 0.03 Lose 208 PEAS Bea) sil Soc 13 5 
1.63 | 0.04 Ph alll) Fh 5) A AM AE LI NOs) 225} 
1.96 | 0.06 S09) Base bal 8) Bao 7 14.8) 31.5 
2.29 | 0.08 AA eS: 2G | Wile 19.8} 41.9 
256 Oe 5,3 6.0 6) 9.8 | 14.8 PAS 94 5s 
2.94 | 0.138 6.6 CC® Slee See 31.4) 67 
oar || Okey 8.0 OPO RGm sla Sale oes 38.1} 81 
3-09 |0.20 acd) | UO | WAS, | ale | BS 45.6} 96 
3292) (DOE24 ell 2 1228) | 1428 "2028 "31.4 54 1133 
ALD || O78) || WD |) ee) i |) Bel al Wy Sie. 7 62 132 
4b i501 || (gays) || iby) alee 0) |) alae) Deh shy 1 Ail) 72 152 
AL YO || aire I) Gh ot I) RS 2k | OR i BRL Ab) ale 81 172 
5.23 || 0.42 | 19.0 | 21.8 | 25.2 | 35.4 || 54 91 193 
S104 || OSL | BOE | Os 3 || Bo) |) AGL.) |) aR 108 229 
Grosz OOO E28 Sno 2290 eSSaileinod 81 138 292 
7.35 | 0.84 | 35.8 | 41.0 | 47.5 | 67 101 172 364 
Soe OAS FASE 54 Or On 5S 81 122 209 442 
8799) 126052 60 69 96 146 249 530 
9.80 | 1.49 | 61 70 81 113 172 292 620 
WOGA || ies | 7Al 81 94 132 199 339 720 
11.44 | 2.03 | 81 93 108 151 229 388 820 
12.26 | 2.34 | 92 106 123 172 260 442 940 
13.07 | 2.66 |104 119 138 194 292 499 |1060 
13.89 | 2.99 |117 133 154 217 328 560 |1180 
14.71 | 3.36 |129 148 172 240 362 620 {1320 
15.52 | 3.74 |148 163 190 267 402 690 |1450 
16ES4 ATS |S 180 209 292 443 750 {1600 
17.97 | 5.00 |187 214 249 349 530 900 |1910 
19.61 | 5.96 |220 PAS 292 409 620 1480 |2240 


6-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
Veloc- | Veloc- ——__ 
‘Feet Heng | =~ 
Garo | atble, | gatit | Feet ORTOREO 6) | @ 
Hours. | Second. 
c=140 | c=130 | c=120 | c=100} c=80 | c=60 | c=40 
50,000; 0.0774; 0.39 |0.00]} 0.13] 0.15) 0.17] 0.24 0.36) 0.61 eS: 
60,000} 0.0928} 0.47 |}0.00| 0.18} 0.20) 0.24) 0.33 0.51) 0.86 1.8 
70,000; 0.1083} 0.55 | 0.00} 0.24 0.27] 0.32) 0.44 ORG ela LS 2.4 
80,000} 0.1238) 0.63 | 0.01 0.30) 0.35) 0.41) 0.57] 0.86) 1.46 oor 
90,000} 0.1892] 0.71 | 0.01 0.38) 0.43) 0.51) 0.71) 1.07] 1.83 3.9 
100,000} 0.1547} 0.79 | 0.01 0.46) 0.53) 0.61) 0.86] 1.30) 2.22 4.7 
110,000] 0.1702] 0.87 | 0.01 ORO0|NORO3 SOR Colne OSM le 5 5ImRONGS ls 
120,000! 0.1857! 0.95 | 0.01 0265 O74 MOFS6 seein ie S4ibeoid 6.6 
140,000] 0.2166] 1.10 | 0.02 0.87) 0.99) 1.15) 1.62) 9.45) 4.17 8.8 
160,000] 0.2476} 1.26 | 0.02 1.10} 1.26) 1.46) 2.06) 3.10) 5.3 dite? 
180,000) 0.2785] 1.42 | 0.03 ool, layil) ALB] OEY] See) BR 14.0 
200,000} 0.3094} 1.58 | 0.04 EO hil peo 825K, AG) Boe 0 
220,000} 0.3404] 1.73 | 0.05 LS, PAO Oe Gis) Gh 5.6 9.6 20.2 
240,000) 0.3713] 1.89 |0.06] 2.33} 2.69) 3.11] 4.35 6.6 TL 2) 23-9 
260,000} 0.4023] 2.05 | 0.07 2.71} 3.10) 3.60! 5.0 So SO ewe 
280,000) 0.4332] 2.21 | 0.08} 3.11] 3.58] .4.14 5.8 8.8 | 15.0 317 
300,000} 0.4642) 2.36 |0.09| 3.54] 4.06] 4.70 6.6 | 10.0 | 17.0 36.0 
350,000} 0.541 Py fhoy NO) UP! 2 Oy se 6.3 fiote} | 11S3835) D2 ss 48.0 
400,000} 0.619 | 3.15 |0.15 6.0 6.9 SONS allie On moORO 62 
450,000} 0.696 3.55 | 0.19 Oo) 8.6 | 10.0 | 14.0 | 21.2 | 36.0 76 
500,000} 0.774 | 3.94 | 0.24 ell |) aO)o26 | PE |] TELE) |) ORG 43.8 92 
550,000; 0.851 4.33 |0.29| 10.8 | 12.4 | 14.4 | 90.1) 30.5 52 110 
600,000) 0.928 | 4.73 | 0.35] 12.8 | 14.6 | 17.0 | 93.8 36.0 ; 61 130 
650,000) 1.006 5.12 |0.41] 14.7 | 16.9 | 19.6 | 97.5 | 41.6 a 150 
700,000) 1.083 5.52 | 0.47) 17.0 | 19.5 | 22.6 | 31.6 | 48 0} 82 ils" 
800,000) 1.238 | 6.30 | 0.62] 21.6 | 24.9 | 28.9 40.4 | 61 104 221 
900,000} 1.392 7.09 |0.78| 26.9 | 30-9 | 35.8 | 50 76 129 274 
1,000,000} 1.547 Cottey MO | BYAARY Il S/S | ais | ay] 93 158 334 
1,100,000) 1.702 al | IM MC, BI) | Ales aL | Ew rie} hl 189 400 
1,200,000) 1.857 | 9.46 | 1.39] 46.0 | 53 61 86 130 220 470 
1,400,000} 2.166 |11.03 | 1.89] 61 70 82 114 133 295 620 
1,600,000} 2.476 |12.61 | 2.46] 78 90 104 146 221 377 &90 
1,800,000) 2.785 |14.18 | 3.12] 98 112 130 182 275 470 990 
2,000,000) 3.094 {15.76 | 3.85 1/119 137 159 222 337 570 1210 
2,200,000} 3.404 |17.34 | 4.65/141 162 188 263 400 680 1440 


34 


Discharge in 


8-INCH PIPE. 


ee, 


Loss of Head in Feet per 1000 feet of length. 


Yerin | Veloe- 
fe | aed Hend, 
Ganon | uote | Secona,| Feet ‘OREC) @) 
Hours. | Second. 
c=140 | c=130 | c=120 | c=110 | c=100| c=80 | c=60 
200,000} 0.3094) 0.89 |0.01] 0.41 | 0.47 0.55) 0.64) 0.77) 1.16) 1.98 
220,000) 0.3404) 0.98 |0.01) 0.49 | 0.56 0.65) 0.77| 0.92) 1.38] 2.35 
240,000} 0.3713} 1.06 |0.02) 0.58 | 0.66 Ova @OoSO) il-Orl| 16) P72 
260,000) 0.4023) 1.15 |0.02| 0.67 | 0.77 OnS9 NOS ie lee 25 Sole Seo 
280,000) 0.43832} 1.24 |0.02| 0.77 | 0.88 1.02; 1.20) 1.48) 2.16] 3.69 
300,000) 0.4642, 1.33 | 0.03} 0.87 | 1.00 NG! IB) Leal KG) ETI) 
820,000} 0.4951) 1.42 |0.03}] 0.98 | 1.138 Ss Sa Le Sa O78 Ais 
340,000} 0.526 | 1.51 |} 0.04; 1.10 | 1.26 1.46; 1.72) 2.05) 3.10) 5.3 
360,000] 0.557 | 1.60 | 0.04] 1.22 | 1.40 1 @2) 1 Ol, B24) 3 ZH) 
880,000} 0.588 | 1.68 | 0.04) 1.385 | 1.55 SO] Baal) Peon Bo Sol 6.5 
400,000) 0.619 | 1.77 | 0.05] 1.48 | 1.70 LO BeBe) Boa) Zo 20) a ih 
450,000) 0.696 | 1.99 | 0.06} 1.85 | 2.11 2.45} 2.89) 3.48) 5.2 8.9 
500,000] 0.774 | 2.22 |0.08} 2.25 | 2.58 2299S 00/4 SiNG on letOn 7 
550,000] 0.851 | 2.44 |0.09! 2.68 | 3.07 3.00) E19 520 CoO || 128 
600,000} 0.928 | 2.66 | 0.11] 3.14 | 3.61 AW LO 429 59 8.9} 15.1 
650,000) 1.006 | 2.88 | 0.13] 3.64 | 4.18 4.84, 5.7 B.S | IO. | 75 
700,000} 1.0838 | 3.10 |0.15) 4.19 | 4.80 (8 6.5 Got |) lsS || 20.0 
750,000) TAICON 32325 (0bL 7 | Aroq) o.4 6.3 7.4 Si. | 19.8 | Bw8 
800,000} 1.238 | 3.55 |0.20; 5.3 @.i Bel 8.4 Da) | WSs || AS. 7 
900,000} 1.392 |.3.99 |0.25| 6.7 7.6 8.9 | 10.4 | 12.4 | 18.8 | 32.0 
1,000,000) 1.547 | 4.43 | 0.30} 8.1 9.3 10.8 | WA. | is sE | 2B.0 |) BO.@ 
1,100,000) 1.702 | 4.88 |0.37) 9.6 /11.1 128 | Us .i | ISD | Br) AS. 
1,200,000] 1.857 | 5.37 |0.44)11.3 {13.0 5a | We 7 || Alot | GVO | G8 
1,300,000) 2-011 | 5.76 | 0.52 /138.1 |15.1 7S || PO. || PES |) BAO) || 83 
1,400,000} 2.166 | 6.20 |0.60/15.1 17.3 POLO || BRS | Pak || 2s || 72 
1,500,000) 2.321 | 6.65 |0.69/17.0 |19.5 2276 | 26.7 | 378 48 82 
1,600,000| 2.476 | 7.09 |0.78]19.2 [22.0 PSS |) BOO) || Sst) | GE 93 
1,800,000) 2.785 | 7.98 |0.99|23.8 |27.2 Bil @ | Byeoil ) 4UEO) | rv 114 
2,000,000} 3.094 | 8.86 | 1.22/29.0 |33.3 38.7 | 45.4 | 54 82 140 
2,200,000} 3.404 | 9.75 | 1.47|34.9 |40.0 46.2 | 54 65 98 167 
2,400,000) 3.713 |10.64 |1.76)/41.0 (47 55 64 77 116 198 
2,600,000) 4.023 11.52 | 2.06 47.5 155 63 74 89 134 229 
2,800,000) 4.332 |12.41 | 2.3955 62 73 85 102 153 261 
3,000,000) 4.642 |13.30 | 2.74 |62 al 83 97 116 175 300 
3,200,000} 4.951 |14.18 | 3.12|70 80 93 109 130 197 336 


Discharge in 


Veloc- 


ity in 
Feet 
Gallons Cubic per 
per 24 Feet per | Second. 
Hours. | Second. 
300,000] 0.464 | 0.85 
320,000; 0.495 | 0.91 
340,000} 0.526 | 0.96 
360,000} 0.557 | 1.02 
380,000} 0.588 | 1.08 
400,000} 0.619 | 1.13 
450,000} 0.696 | 1.28 
500,000} 0.774 | 1.42 
550,000) 0.851 | 1.56 
600,000) 0.928 | 1.70 
650,000] 1.006 | 1.84 
700,000) 1.083 | 1.99 
750,000) 1.160 | 2.13 
800,000} 1.238 | 2.27 
900,000} 1.392 | 2.55 
1,000,000} 1.547 | 2.84 
1,100,000} 1.702 | 3.12 
1,200,000} 1.857 | 3.40 
1,300,000} 2.011 | 3.69 
1,400,000} 2.166 | 3.97 
1,500,000} 2.321 | 4.26 
1,600,000} 2.476 | 4.54 
1,800,000) 2.785 | 5.11 
2,000,000} 3.094 | 5.67 
2,200,000} 3.404 | 6.24 
2,400,000} 3.713 | 6.81 
2,600,000} 4.023 | 7.38 
2,800,000] 4.332 | 7.94 
8,000,000} 4.642 | 8.51 
3,200,000} 4.951 | 9.08 
3,400,000} 5.26 9.65 
3,600,000} 5.57 }10.21 
8,800,000} 5.88 |10.78 
4,000,000} 6.19 {11.35 
4,500,000} 6.96 12.77 
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10-INCH PIPE. 


Loss of Head in Feet per 1000 feet of length. 


OR LG) 


c=110 | c=100 


© 


c=80 
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Discharge in 


12-INCH PIPE. 


Loss of Head in Feet per 1000 feet of length, 


Re ee . 
: Head, 
Garant mostess| schema.) Heet ©) © | © @) 
Hours. Second. 
e=140 | c=130 | c=120 | c=110 | c=100| c=90] c=80 
100,000) 0.155) 0.20 |0.00| 0.02 | 0.02 0.02} 0.02} 0.03; 0.04; 0.04 
200,000; 0.3809) 0.39 |0.00} 0.06 | 0.07 OQ. O.09) O10 Ot Osi 
300,000) 0.464) 0.59 !'0.01] 0.12 | 0.14 0.16) 0.19} 0.22) 0.27) 0.34 
400,000} 0.619} 0.79 |} 0.01] 0.20 | 0.24 0.27) 0.32} 0.38) 0.47) 0.58 
500,000} 0.774; 0.99 | 0.02] 0.31 | 0.36 0.41} 0.48} 0.58} 0.71] 0.88 
600,000} 0.928) 1.18 | 0.02] 0.44 | 0.50 0.58} 0.68) 0.81} 0.99] 1.23 
700,000) 1.083) 1.38 | 0.03] 0.58 | 0.66 Ou. OO) wW.Oe Wee al ee 
800,000} 1.238! 1.58 | 0.04] 0.74 | 0.85 0.99' 1.15) 1.88} 1.68] 2.09 
900,000} 1.392) 1.77 | 0.05] 0.92 | 1.06 1,23), i 2S) ee BG) 2G 
1,000,000} 1.547) 1.97 | 0.06} 1.12 | 1.29 150) 1276) S210) 2257) 3.18 
1,100,000) 1.702) 2.17 | 0.07] 1.34 | 1.54 1.79} 2.10) 2.50) 3.04) 3.79 
1,200,000) 1.857; 2.36 | 0.09} 1.58 | 1.81 ZO S247 2e04 ee osoS| e440 
1300000220122 56 O02 LO W583 2.10 2.43) 2.85) 3.40) 4.14) 5.2 
1 400,000} 2.166; 2.76 | 0.12] 2.10 | 2.40 PWS) 3.23) BO 4G | 39) 
1,500,000) 2.321) 2.96 |0.14] 2.39 | 2.738 8.17; 3.71) 4.48} 5.4 G62 
1,600,000) 2.476) 3.15 |0.15| 2.69 | 3.09 3.58} 4.20) 5.0 @ i) 7.6 
1,700,000) 2.630) 3.35 | 0.17} 3.00 | 3.45 4.00) 4.69) 5.6 6.8 8.5 
1,800,000) 2.785) 3.55 | 0.20) 3.383 |-3.82 443) 5.2 6.2 £6 9.4 
1,900,000} 2.940} 3.74 | 0.22] 3.70 | 4.24 4,92) 5.8 6.9 8.4 | 10.4 
2,000,000} 3.094; 3.94 | 0.24] 4.06 | 4.65 5.4 6.4 7.6 QBN Al ty 
2,200,000) 3.404) 4.33 | 0.29) 4.85 | 5.6 6.5 3) OAD | WOLD | iss. a 
BAND OOO) se iley 273 | O35) a7 Oma) 7.6 8) | TDs yp AS eG 
2,600,000; 4.023) 5.12 | 0.41] 6.6 eo 8.8 || WO. | Wee | is.O 4) USE 
2,800,000} 4.332) 5.52 | 0.47] 7.6 Sid TO ik |) Wal) essa | eet Aa ts 
3,000,000) 4.642) 5.91 | 0.54] 8.6 9.9 11.5 | 13.5 | 16.0 | 19.4 | 24.3 
3,500,000) 5.41 | 6.89 |0.74/11.4 138.2 153483 || alee) 4) PAGS |) PAD) |) 337583 
4,000,000) 6.19 | 7.88 | 0.96|14.5 |16.6 WO.33 || P26 | PO || Baio | Zak) 
4,500,000) 6.96 | 8.87 | 1.22)18.0 |20.6 24.0 | 28.2 | 33.6 | 41.2) 51 
5,000,000) 7.74 | 9.85 | 1.50/22.0 |25.1 29.2 | 34.3 | 41.0 | 50.0 | 62 
5,500,000) 8.51 |10.84 | 1.82]/26.5 |30.3 8501 | 4174 | 49-54-60 75 
6,000,000} 9.28 |11.82 | 2.17/31.1 |35.7 41.4 | 48.8 | 58 70 88 
7,000,000)10.83 |13.79 | 2.96/41.2 |47.2 a9) 65 77 94 116 
8,000,000/12.38 |15.76 | 3.86/53 61 71 83 99 121 150 
9,000,000)13.92 {17.73 | 4.89/66 75 87 103 122 148 185 
10,000,000)/15.47 |19.70 | 6.03)81 93 107 126 150 183 228 
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Discharge in 


14-INCH PIPE 


Loss of Head in Feet per 1000 feet of length. 


ity in ity 
: Feat || 7 : 
Gallons Cubic | bet | eet ©|© ©) ©) 
Hours Secon 
c =140 | c=130 | c=120] c=110 | c=100| c =90 c=80 

100,000} 0.155} 0.15 | 0.00 | 0.008} 0.009} 0.010) 0.012} 0.014) 0.017) 0.021 

200,000} 0.309} 0.29 | 0.00 | 0.027} 0.031} 0.036) 0.042) 0.050) 0.062) 0.076 

300,000) 0.464) 0.43 | 0.00 | 0.057) 0.066) 0.076) 0.089} 0.107) 0.130} 0.161 

400,000) 0.619} 0.58 | 0.01 | 0.098) 0.112) 0.129) 0.153) 0.182) 0.222) 0.278 

500,000) 0.774) 0.72 | 0.01 | 0.147} 0.169) 0.197) 0.231) 0.275) 0.335) 0.416 

600,000) 0.928) 0.87 | 0.01 | 0.207] 0.238} 0.275) 0.324) 0.388) 0.469) 0.58 

700,000) 1.083) 1.01 | 0.02 | 0.277) 0.317) 0.367] 0.4381) 0.52 | 0.63 0.78 

800,000) 1.238) 1.16 | 0.02 | 0.351) 0.406) 0.470} 0.55 | 0.66 | 0.80 1.00 

900,000) 1.392) 1.30 | 0.03 | 0.440) 0.50 | 0.58 | 0.68 | 0.82 | 1.00 1.23 
1,000,000) 1.547) 1.45 | 0.03 | 0.53 | 0.61 | 0.71 | 0.83 | 1.00 | 1.21 1.50 
1,100,000} 1.702) 1.59 | 0.04 | 0.63 | 0.73 | 0.84 | 1.00 | 1.18 | 1.44 Ws) 
1,200,000} 1.857) 1.73 | 0.05 | 0.74 | 0.86 | 0.99 | 1.17 | 1.88 | 1.70 2.09 
1,300,000} 2.011) 1.88 | 0.05 | 0.86 | 0.99 | 1.14] 1.35 | 1.62 | 1.97 2.45 
1,400,000} 2.166) 2.02 | 0.06 | 0.99 | 1.14 | 1.32 |] 1.54 | 1.85 | 2.25 2.79 
15500000) 22320) S22 1 ce Ol Oe LSet 285 ON leon eoeL OMe oma a 3.18 
1,600,000) 2.476) 2.31 | 0.08 | 1.27 | 1.46 | 1.69 | 1.98 | 2.87 | 2.88 3.58 
1,700,000} 2.630} 2.46 | 0.09 | 1.42 | 1.63 | 1.88 | 2.22 | 2.65 | 3.22 4.00 
1,800,000} 2.785) 2.60 | 0.10 | 1.58 | 1.82 | 2.10 | 2.46 | 2.98 | 3.59 4.45 
1,900,000} 2.940) 2.75 | 0.12 | 1.74 | 1.99 | 2.31 | 2.72 | 3.24 | 3.98 4.89 
2,000,000} 3.094; 2.90 | 0.18 | 1.92 | 2.20 | 2.54 | 2.99 | 3.57 | 4.37 5.4 
2,200,000} 3.404) 3.18 | 0.16 | 2.33 | 2.64 | 3.05 | 3.60 | 4.28 | 5.2*] 6.5 
2,400,000} 3.713} 3.48 | 0.19 | 2.69 | 3.08 | 3.56 | 4.19 | 5.0 | 6.1 Ud 
2,600,000} 4.023) 3.76 | 0.22 | 3.12 | 3.58 | 4.15] 4.89 | 5.8 “al 8.8 
2,800,000} 4.332) 4.05 | 0.25 | 3.58 | 4.12 | 4.78 | 5.3 6.7 8.2 10.2 
3,000,000} 4.642) 4.385 | 0.29 | 4.07 | 4.65 | 5.4 6.4 7.6 9.2 11.4 
3,500,000} 5.41 | 5.07 | 0.40 | 5.4 6.2 7.2 8.4 |10.1 12.2 15.3 
4,000,000} 6.19 | 5.79 | 0.52 | 6.9 8.0 922 LORS) 129527 19.5 
4,500,000} 6.96 | 6.51 | 0.66 | 8.6 9597 Wie Seo 16a aor 24.2 
5,000,000} 7.74 | 7.24 | 0.81 |10.4 |12.0 |13.9 |16.4 19.5 [23.9 29.6 
5,500,000) 8.51 | 7.96 | 0.98 |12.5 14.3 |16.6 |19.6 (28.2 (28.2 35.1 
6,000,000) 9.28 | 8.68 | 1.17 |14.7 16.8 |19.5 |22.9 27.8 133.2 41.5 
7,000,000)10.83 |10.12 | 1.59 |19.5 |22.3 |25.9 |80.5 186.5 44.1 | 55 
8,000,000)12.38 |11.58 | 2.08 |24.9 |28.7 [88.5 |88.9 [46.4 |57 70 
9,000,000/13.92 |138.02 | 2.64 |31.1 (85.9 |41.6 |48.9 [58 70 87 
10,000,000)15.47 |14.48 | 3.27 187.8 48.5  |50 59 70 85 106 


———— 


16-INCH PIPE. 


me 


a 


Discharge in Loss of Head in Feet per 1000 feet of length. 
13 Yt Pag 
. eeu Head 
Gall Cub. D J f 
Sra |pGaPi.| sta | Fe Q) @) ©) @ 
man) foreas c=140 | e=130 | c=120 | c=110 | c=100| c=90 | c=s80 
200.000} 0.309] 0.22 |0.00| 0.014] 0.016] 0.019) 0.022 0.026) 0.03 0.04 
400,000} 0.619} 0.44 | 0.00; 0.051] 0.058] 0.068] 0.080! 0.095 (0), 0.14 
600,000} 0.928) 0.66 | 0.01] 0.108} 0.124] 0.143] 0.169) 0.201 0.24 0.30 
800,000} 1.238) 0.89 | 0.01] 0.183] 0.210) 0.242) 0.287] 0.340 0) 4a ORD2 
1,000,000) 1.547} 1.11 | 0.02] 0.278) 0.319] 0.369] 0.434] 0.52 0.63 0.78 
1,200,000} 1.857) 1.33 | 0.03] 0.389] 0.446] 0.52 | 0.61 | 0.72 0.88 1.09 
1,400,000) 2.166; 1.55 | 0.04] 0.52 | 0.60 | 0.69 ; 0.81 | 0.96 1.18 1.47 
1,600,000) 2.476) 1.77 | 0.05] 0.66 | 0.76 | 0.88 | 1.03 | 1.23 LOU) Si 
1,800,000) 2.785) 1.99 |0.06| 0.82 | 0.95 | 1.09 | 1.28 | 1.53 1 Sy Zoe 
2,000,000) 3.094) 2.22 |0.08]) 1.00 | 1.15 | 1.33 } 1.57 | 1.87 2.28 2.82 
2,200,000] 3.404) 2.44 ]0.09] 1.19 | 1.37 | 1.59 | 1.87 | 9.99 Py fk 3.35 
2,400,000) 3.713) 2.66 | 0.11 \-1 41 | 1.62 | 1.87 |-2°19 | 2) 62 | 3.119 3.98 
2,600,000; 4.023) 2.88 | 0.13] 1.63 | 1.87 | 2.17 | 2.55 | 3.03 | 3.69 4.60 
2,800,000} 4.332} 3.10 |0.15| 1.87 | 2.15 | 2.49 | 2.92 | 3.49 | 4.94 8) 
3,000,000) 4.642) 3.32 | 0.17] 2.12 | 2.43 | 2.83 | 3.32 | 3.98_|-4 21 6.0 
3,200,000) 4.951) 3.55 |0.19| 2.39 | 2.75 | 3.19 | 3.75 | 4.46 | 5.4 6.8 
3,400,000) 5.26 | 3.77 |0.22| 2.69 | 3.08 | 3.57 | 4.19 | 4.99; 6.1 ao 
3,600,000) 5.57 | 3.99 | 0.25) 2.98 |-3.42 | 3.97 | 4.65 1 5.6 6.8 8.4 
38,800,000} 5.88 | 4.21 | 0.28) 3.2 a, (ey || BRS |} Sil 6.2 7.4 9.3 
4,000,000) 6.19 |} 4.48 |0.31] 3.61 | 4.15 | 4.80 | 5.6 6.8 8.2 102: 
4,500,000} 6.96 | 4.99 |0.39] 4.50 | 5.2 6.0 7.0 8.4 |10.2 We 
5,000,000) 7.74 | 5.54 |0.48] 5.5 ©2383 028 Sad PY ily 15.4 
5,500,000} 8.51 ; 6.09 | 0.58] 6.6 Uo Soh (Os [Peet lal 18.4 
6,000,000) 9.28 | 6.65 10.69! 7.7 SoS NOB Pes@ Wee's iy 4 PM tl 
6,500,000)}10.06 | 7.20 |0.81] 8.9 /10.2 |11.8 113.9 [16.6 {20.2 Dorel 
7,000,000/10.83 | 7.76 10.93|10.2 |11.7 |13.6 115.9 119.0 |23.2 28.8 
7,500,000)11.60 | 8.31 |1.08|11.6 |18.3 |15.4 18.1 {91.7 126.2 32.8 
8,000,000)12.38 | 8.86 |1.22]13.1 {14.9 117.4 |20.8 194.2 129.6 36.9 
9,000,000)13.92 | 9.97 |1.54)16.3 |18.6 |21.7 |25.2 130.2 136.9 45.9 
10,000,000/15.47 |11.08 |1.90)19.8 |22.6 26.2 |30.9 [86.8 [45.0 56 
11,000,000/17.02 12.19 |2.30/23.6 {27.0 |31.2 136.9 |44.0 154 66 
12,000,000/18.57 |13.30 | 2.74/27.8 1'31.8 |86.9 143.2 {59 63 78 
13,000,000/20.11 |14.40 |3.22/32.1 136.8 142.8 |50 60 13 90 
14,000,000/21 .66 |15.51 | 3.73/36.9 |42.2 |49.0 [58 68 83 103 
15,000,000/23.21 |16.62 | 4.29/41.9 [48.0 |56 66 78 95 117 


18-INCH PIPE 


Discharge in 


Loss of Head in Feet per 1000 feet of length 


7 Hepaee | 
, : Feet | Head 
Gall oie det a| Bom OrOne @) | 
Hours Secon 
ce =140 | c =130 | ¢ =120 |c=110 |c=100] c=90 c=80 
200,000} 0.309] 0.17 | 0.00 | 0.008} 0.009) 0.010; 0.012] 0.015; 6.018) 0.022 
400,000} 0.619] 0.35 | 0.00 | 0.029) 0.033} 0.038) 0.044) 0.053) 0.065} 0.081 
600,000} 0.928) 0.52 | 0.00 | 0.061} 0.069) 0.079) 0.094} 0.118) 0.137) 0.171 
800,000} 1.238) 0.70 | 0.01 | 0.103} 0.118] 0.137) 0.160) 0.193) 0.234) 0.292 
1,000,000} 1.547) 0.88 | 0.01 | 0.156} 0.179) 0.208) 0.244) 0.291) 0.355) 0.441 
1,200,000} 1.857] 1.05 | 0.02 | 0.218] 0.251] 0.291) 0.341) 0.409) 0.495) 0.62 
1,400,000] 2.166] 1.22 | 0.02 | 0.290] 0.333] 0.388) 0.454) 0.54 | 0.66 0.82 
1,600,000} 2.476) 1.40 | 0.03 | 0.374} 0.430) 0.495) 0.58 | 0.69 | 0.85 1.06 
1,800,000} 2.785] 1.57 | 0.04 | 0.461] 0.53 | 0.62 | 0.72 | 0.86 | 1.05 1.31 
2,000,000) 3.094] 1.75 | 0.05 | 0.56 | 0.65 | 0.75 | 0.88 | 1.05 | 1.27 1.58 
2,200,000) 3.404; 1.93 | 0.06 | 0.67 | 0.77 | 0.89 | 1.05 | 1.25 | 1.52 1.89 
2,400,000) 3.713] 2.10 | 0.07 | 0.79 | 0.90 | 1.05 | 1.24 | 1.47 | 1.79 2.23 
2,600,000) 4.023} 2.28 | 0.08 | 0.92 | 1.06 | 1.22 | 1.43 | 1.71 | 2.08 2.60 
2,800,000) 4.332} 2.45 | 0.09 | 1.05 | 1.21 | 1.39 | 1.64 | 1.96 | 2.38 2.97 
3,000,000] 4.642) 2.63 | 0.10 | 1.19 | 1.37 | 1.58 | 1.86 | 2.28 | 2.70 | 3.38 
3,500,000) 5.41 | 3.07 | 0.15 | 1.58 | 1.83 | 2.12 | 2.48 | 2.96 | 3.60 4.48 
4,000,000] 6.19 | 3.50 | 0.19 | 2.02 | 2.34 | 2.70 | 3.16 | 3.79 | 4.60 5.7 
4,500,000} 6.96 | 3.94] 0.24 | 2.53 | 2.92 | 3.37 | 3.93 | 4.71 | 5.7 Urcdl 
5,000,000} 7.74 | 4.88 | 0.30 | 3.07 | 3.53 | 4.09 | 4.80 | 5.7 7.0 8.7 
5,500,000} 8.51 | 4.83 | 0.36 | 3.68 | 4.20 | 4.85 | 5.8 6.8 8.3 10.3 
6,000,000} 9.28 | 5.25 | 0.48 | 4.81 | 4.95 | 5.4 | 6.7 8.0 OVSr i t2e2 
6,500,000)10.06 | 5.70 | 0.50 | 4.98 | 5.7 | 6.6 (has ce} Ws 14.1 
7,000,000}10.83 | 6.13 | 0.58 | 5.8 | 6.6 7.6 8.9 |10.7 /13.0 16.2 
7,500,000)11.60 | 6.57 | 0.67 | 6.5 7.5 8:8 LOT Lara i l4e7 18.4 
8,000,000)12.38 | 7.01 | 0.76 | 7.4 8.4 |9.7 |11.4 {18.6 {16.6 20.7 
8,500,000)13.15 | 7.45 | 0.86 | 8.2 9.4 |10.8 {12.8 |15.3 {18.6 23.1 
9,000,000)13.92 | 7.90 | 0.96] 9.1 |10.5 [12.1 [14.2 |17.0 (20.7 25.8 
9,500,000)14.70 | 8.338 | 1.07 [10.1 |11.6 /18.4 |15.7 18.8 [22.8 28.5 
10,000,000|15.47 | 8.76 | 1.19 |11.1 12.7 [14.8 |17.8 (20.8 [25.1 31.2 
11,000,000]/17.02 | 9.65 | 1.44 }18.3 {15.2 17.7) 20.8 (24.6 (30.0 37.1 
12,000,000)18.57 |10.50 | 1.71 |15.6 {17.8 |20.5 (24.2 |29.0 (35.3 43.8 
14,000,000/21 .66 |12.3 2.35 |20.9 |28.8 |27.38 (82.2 /88.8 |46.8 58 
16,000,000/24.76 |14.0 3.04 |26.6 (80.4 |85.2 (41.5 /49.4 (60 75 
18,000,000/27.85 |15.8 3.87 |382.7 |37.8 (|48.5° |51 61 74 92 
20,000,000)30.94 |17.5 4.75 |40.0 |45.8 |53 63 74 90 113 


20-INCH PIPE. 


Discharge in 


Loss of Head in Feet per 1000 feet of length. 


Yorin | Veloe- 
: Feet ae 
Sorat [Rosteer| Sena Feet ORROREO) 
Hours. | Second. 
c=140 | c=130 | c=120 | c=110 | c=100| c=90 | c=80 

400,000} 0.619) 0.28 | 0.00) 0.017] 0.020) 0.023) 0.027] 0.032) 0.039! 0.048 

600,000) 0.928) 0.43 | 0.001 0.037) 0.049) 0.049] 0.057] 0.068] 0.083! 0.103 

800,000) 1.238) 0.57 | 0.00] 0.062) 0.071] 0.082] 0.097] 0.115] 0.140] 0.174 
1,000,000) 1.547; 0.71 | 0.01] 0.094] 0.107] 0.124] 0.146] 0.174! 0.211) 0.263 
1,200,000) 1.857} 0.85 | 0.01] 0.131] 0.150} 0.174] 0.205! 0.243) 0.297 0.370 
1,400,000) 2.166) 0.99 | 0.02] 0.174) 0.200] 0.232! 0.273] 0.326! 0.396] 0.491 
1,600,000) 2.476) 1.13 | 0.02] 0.223) 0.257; 0.298] 0.349) 0.416] 0.51 | 0.63 
1,800,000; 2.785) 1.28 | 0.03} 0.278) 0.319] 0.370] 0.435) 0.52 | 0.63 | 0.78 
2,000,000} 3.094; 1.42 | 0.03] 0.339) 0.389] 0.449] 0.53 | 0.63 | 0.76 | 0.96 
2,500,000} 3.868} 1.77 | 0.05] 0.51 | 0.58 | 0.68 | 0.80 | 0.95 | 1.16 | 1.44 
3,000,000} 4.642) 2.13 | 0.07] 0.72 | 0.82 | 0.95 | 1.12 | 1.83 | 1.61 | 2.02 
3,000,000) 5.41 | 2:48 | 0.10) 0.95 | 1.09 | 1.277 1.49 | 1.78 | 2.16 12.69 
ZO00;000 Rom OR P2534 5 i013) ai 220i SON 62 O0n|MOROSR MON 7a eows4. 
4,500,000) 6.96 | 3.19 | 0.16] 1.52 |] 1.74 | 2.02 | 2.38 | 2.83 | 3.44 | 4.29 
D000; 000/81 (4a Broo OL 20 I S4a 2) I 22455 Oeeseer4ect Ace leano 
5,500,000} 8.51 | 3.90 | 0.24] 2.20 | 2.52 | 2.92 | 3.43 | 4.09 | 4.98 | 6.2 
6,000,000) 9.28 | 4.26 | 0.28] 2.59 | 2.97 | 3.44 | 4.03 | 4.81 | 5.8 1.3 
6,500,000/10.06 | 4.61 | 0.33] 3.00 | 3.43 | 3.99 | 4.68 | 5.6 6.8 8.4 
7,000,000)10.83 | 4.96 | 0.38] 3.43 | 3.95 | 4.58 | 5.4 6.4 7.8 9.7 
7,500,000}11.60 | 5.32 | 0.44] 3.90 | 4.48 | 5.2 6.1 7.3 8.8 {11.0 
8,000,000/12.38 | 5.67 | 0.50} 4.39 | 5.1 5.8 6.9 4 U0) 0) - (1,4 
8,500,000)13.15 | 6.03 | 0.56] 4.91 | 5.6 6.6 Goll ee lay > play 
9.000,000)13.92 | 6.38 | 0.63] 5.5 6.3 ines 8.6 |10.2 |12.4 115.4 
9,500,000)14.70 | 6.74 | 0.71] 6.0 6.9 8.0 yas LG ee inl cal 
10,000,000|15.47 | 7.09 | 0.78] 6.6 6 Si) lO e4h AE eth S97 
11 000,000}17.02 | 7.80 | 0.94] 7.9 Dall HOG yee Inleb faa) phe A 
EZ OOO O00 TSRS ase ole lal? | Ora On 7, 124 4 Gen yeas 11 26)02 
13,000,000|20.11 | 9.22 | 1.382]10.8 |12.4 {14.4 {16.9 |20.1 |24.4 {30.4 
14,000,000/21.66 | 9.93 | 1.538]12.4 |14.2 |16.5 |19.4 |28.1 |28.1 |35.0 
15,000,000/23.21 |10.64 | 1.76|14.1 |16.2 |18.8 122.0 |26.2 |32.0 |39.8 
16,000 000)24.76 |11.35 | 2.00/15.8 |18.2 |21.1 |24.8 |29.6 [36.0 |44.8 
17,000,000)26 .30 |12.06 | 2.25]17.7 |20.4 |23.8 |27.9 [83.1 [40.2 [50 
18,000,000)27 .85 {12.77 | 2.53}19.7 |22.7 |26.2 |30.9 |86-8 /44.7 |56 
19,000,000/29 .40 |13.47 | 2.82/21.8 /125.0 /29.1 |34.1 |40.7 /|49.5 [62 
20,000,000/30.94 |14.18 | 3.18 |24.0 |27.6 |32.0 |37.5 144.8 |54 68 
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er a 


Discharge in 


24-INCH PIPE. 


| ee 


Loss of Head in Feet per 1000 feet of length. 


Yorn | Yelor- 
orl Peete read, 

Galery | cubis Be al ORTOREO) 

oot el cae c=140 | c=130 | e=120 | c=110 | c=100| c=90 | c=80 

500,000) 0.774! 0.25 |0.00! 0.011) 0.012} 0.014} 0.017| 0.020) 0.024) 0.030 
1,000,000} 1.547; 0.49 |0.00| 0.038} 0.944} 0.051) 0.060) 0.072) 0.087) 0.108 
1,500,000} 2.321) 0.74 |0.01] 0.082} 0.093) 0.108} 0.128) 0.152) 0.185) 0.230 
2,000,000} 3.C94; 0.98 | 0.01] 0.138] 0.159) 0.185] 0.218) 0.259] 0.314) 0.391 
2,500,000) 3.868} 1.23 | 0.02] 0.210) 0.240] 0.279) 0.328) 0.390) 0.474) 0.59 
3,000,000] 4.642) 1.48 | 0.03] 0.293) 0.338) 0.391) 0.459] 0.55 | 0.66 | 0.83 
3,500,000} 5.41 | 1.72 | 0.05] 0.391) 0.449] 0.52 | 0.61 | 0.73 | 0.89 | 1.11 
4,000,000). 6.19") 1.97 1.0.06) 0: 507/+0..58 | 0.67 | 0278 | 0.93 | 1.135) 0-42 
4,500,000!) 6-96" |) 222,008 | 0.62) 10-721) 0x83") 0,98") 1-16) 1.49)) 4276 
5000000427468 OLO9 MORTEM OLS) Le O25 MeL Sal efile 723 eon: 
SAO OOO) See, | AS rAL |b] ©.) |) al S@By || ab al }) a2 |) RS || Ss |! ae 
G,000 00092283) 2290s OSTA O6T ete 22a este OOn ee Ogee loo 
65500000 TOXOGR T3220 OLLG Ie 235 ese ie G45 | ME OSaiee onl e7OnlEseae 
COCO O00 MOLSS Seton OLS ete ete C2 ele SSeie 2 2i 2G Smleor ones nos 
J5000: 000 MACON 3S. COMVOL2 Ti Mie Ole ee S4a 2a See2 spleen OSE rG om mer 
8,000,000}/12.38 | 3.94 10.24] 1.81 | 2.07 Dhl || DCS || SSS || 4 oe yell 
S500 000 MS 2159 KART ON NO 278 2 R02 2 SIME De GS alles nil Gal ines saree ens Sal meeseaze 
9,000,000/13.92 | 4.43 10.31] 2.26 | 2.58 | 2.99 | 3.52 | 4.20 | 5.1 6.4 
9,500,000/14.70 | 4.68 |0.34! 2.48 | 2.85 | 3.31 | 3.89 | 4.62 | 5.6 7.G 
10,000,000/15.47 | 4.92 |0.38| 2.73 | 3.12 | 3.63 | 4.28 | 5.1 Gra lec, 
11,000,000}17.02 | 5.42 |0.46] 3.26 | 3.74 | 4.33 | 5.1 6.1 7.4 9.2 
12,000,000)18.57 | 5.91 |0.54) 3.82 | 4.39 | 3.1 6.0 Hall Sac eLORS 
13,000,000/20.11 | 6.40 |0.64] 4.45 | 5.1 5.9 6.9 Sco LOR eng 
14,000,000}21.66 | 6.89 10.74] 5.1 5.8 6.8 8.0 iy ICL SG | ke 
15,000,000|)23 .21 | 7.39 |0.85] 5.8 6.6 ott 9.1 110-8 |18:2) \16.3 
16,000,000)24.76 | 7.88 }0.96| 6.6 od Se (LORD Lee ke Sees 
17.000,000)26.30 | 8.387 {1.09} 7.3 8.4 OR ey Lobe ans Ome Oe GOR 
18,000,000|27.85 | 8.86 |1.22] 8.1 OFS) |LOSS 2 eel ome ae etn ORO 
19,000,000/29.40'| 9.86°|1.36] 9.0 |10.38 |11.9, 114.0 116.7 20.8 195.3 
205000, 000/305947 | "9°85" | 1.51) 959) Les Seas sr Sessa 22s lores 
22,000,000)34.04 |10.88 |1.82|11.8 |18.5 {15.7 |18.4 |21.9 126.7... 133.4 
24,000,000/37.13 |11.82 |2.17)|18.8 {15.8 18.4 _|21.7 |95.9 131.2 189.0 
26,000,000/40 .28 |12.80 |2.55)/16.1 {18.4 |21.3 |25.0 |29.9 136.4 |45.2 
28,000,000/43 .382 |18.79 |2.96|18.3 {21.1 |24.5 °|28.8 |84.2 |41.9 |52 
30,000,000}46.42 |14.77 |3.38|20.9 |24.0 |27.9 |32.8 1839.0 |47.5 {59 
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30-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
. Head, 
eee oe | ct ak OMROMRONE® le 
Hours. Second. 
c=140 | c=130 | c=120 | c=110 | c=100 c=80 
1,000,000) 1.547) 0.82 |0.00] 0.013} 0.015) 0.017} 0.020) 0.024! 0.029) 0.037 
1,500,000) 2.321) 0.47 |0.00} 0.028 0.032 0.037) 0.044) 0.052; 0.062) 0.078 
2,000,000} 3.094) 0.63 |0.01} 0.047! 0.054) 0.062! 0.073) 0.087) 0.106) 0.132 
2,500,000} 3.868} 0.79 |0.01} 0.071} 0.081} 0.094) 0.111] 0.132! 0.160) 0.199 
3,000,000) 4.642) 0.95 |0.01|] 0.099) 0.113} 0.182) 0.155) 0.184) 0.225] 0.280 
3,500,000} 5.41 | 1.10 | 0.02; 0.132} 0.151) 0.176) 0.206} 0.247) 0.298] 0.372 
4,000,000} 6.19 | 1.26 | 0.02; 0.168) 0.194) 0.225) 0.264) 0.315) 0.382] 0.477 
4,500,000} 6.96 | 1.42 |0.03] 0.210) 0.241) 0.279} 0.329) 0.391) 0.476] 0.59 
5,000,000! 7.74 | 1.58 |0.04] 0.256) 0.292) 0.340) 0.399) 0.476) 0.58 | 0.72 
5,500,000} 8.51 | 1.73 |0.05}] 0.304) 0.349| 0.405} 0.476) 0.57 | 0.69 | 0.88 
6,000,000} 9.28 | 1.89 | 0.06] 0.357) 0.410) 0.475) 0.56 | 0.67 | 0.81 | 1.01 
6,500,000/10.06 | 2.05 | 0.07] 0.414) 0.475) 0.55 | 0.65 | 0.78 | 0.94 | 1.17 
7,000,000|/10.83 | 2.21 |0.08| 0.474) 0.55 | 0.64 | 0.74 | 0.89 | 1.08 | 1.34 
7,500,000}/11.60 | 2.86 | 0.09] 0.54 | 0.62 | 0.72 | 0.84 | 1.01 | 1.22 | 1.53 
SOOMOOOMZES Smee 2 On LON ORO Ie Oe Om ORS ORO om Mleel 3 ai lnsS | sale? 
SOO COO MS Ws | BOS Os Oeass Mens |W Wagak || Ove i ikem 1) ib Geb | at tee 
QV\CCOMOO US Of | 288 | O15) Ose |) Wei fav Oil yal swkes |) alee | Wee ee ile 
10,000,000 547 137155) Ox15) | 092) 12067) 1.235 Waa 72 1209 | 2560 
11,000,000)17.02 | 3.47 |0.19) 1.09 | 1.26 | 1.46 | 1.72 | 2.06 |} 2.49 | 3.10 
AZ OOD O00 MSES alee Sm On2Zeeie2 Selena alee 2 O02 Ne rae 2OO ST SG4 
137000;000)/207 11) |) 4510) (0226) 150) |) 12725)°1.98) | 22345) 2279) | 3.40) 4. 21 
14,000,000|21.66 | 4.41 | 0.30] 1.72 | 1.97 | 2.28 | 2.69 | 3.20 | 3.89 | 4.85 
15,000,000/23.21 | 4.73 |0.35| 1.95 | 2.24 | 2.60 | 3.06 | 8.64 | 4.43 | 5.5 
16,000,000|24.76 | 5.04 |0.40|] 2.20 | 2.52 | 2.93 | 3.45 | 4.10 | 4.99 | 6.2 
17,000,000)26.30 | 5.36 | 0.45] 2.46 | 2.82 | 3.28 | 3.85 | 4.59 | 5.6 7.0 
18,000,000/27.85 | 5.67 | 0 oy AWE | Belle | BoB | 4oH8 | Kal 6.2 ot 
19,000,000|29.40 | 5.99 |0.56] 3.02 | 3.47 | 4.01 | 4.72 | 5.6 6.8 8.6 
20,000,000/30.94 | 6.30 | 0.62} 3.33 | 3.81 | 4.44 | 5.2 6.2 iO 9.4 
22,000,000/34.04 | 6.93 |0.75| 3.96 | 4.55 | 5.3 6.2 7.4 QO hl 7 
24,000,000|37.13 | 7.56 |0.89] 4.65 | 5.4 6.2 C33 Sit (MO. te 
26,000,000/40.23 | 8.20 | 1.04] 5.4 6.2 UP 8.4 (10.1 112-3 115.3 
28,000,000/43.32 | 8.83 | 1.21] 6.2 Boal 8.3 Oo OU eerie file 5 
30,000,000/46 .42 | 9.46 | 1.39] 7.1 8.1 9.4 /11.0 |18.2 |16.0 /19.8 
S10003000) seule sel OSM els One Oneill OpSemn ZO eter eee egies el 2 lero 264. 
40,000,000/61.9 12.61 |2.47)12.0 |138.8 |16.0 |18.8 |22.4 |27.2 |33.9 
| 
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Discharge in 


36-INCH PIPE. 


Loss of Head in Feet per 1000 feet of length. 


Veloc* | vejoc- ——— 
Million Treet | 2, | 
mason roo, per Seca _ ©) @) ©) &) 
Iai Wesereet ce=140 | c=130 | e=120 | c=110 | c=100 | c=90 | c=80 
: Se ——— 
2 3.094] 0.44 | 0.00 | 0.019] 0.022] 0.026] 6.030, 0.086] 0.044] 0.054 
2.5 | 3.868) 0.55 | 0.00 | 0.029) 0.033] 0.089) 0.046; 0.054! 0.066] 0.082 
3 4.642) 0.66 | 0.01 | 0.041) 0.047| 0.054) 0.064| 0.076) 0.092! 0.115 
3.5 | 5.41 | 0.77 | 0.01 | 0.054) 0.062) 0.072} 0.085} 0.102) 0.123) 0.153 
4 6.19 | 0.88 | 0.01 | 0.070) 0.080) 0.092) 0.108} 0.129) 0.157) 0.196 
5 7.74 | 1.09 | 0.02 | 0.105) 0.121) 0.140] 0.164] 0.196) 0.238) 0.297 
6 9.28 | 1.31 | 0.03 | 0.147) 0.168} 0.196} 0.230) 0.274) 0.333) 0.415 
7 {10.83 | 1.53 | 0.04 | 0.196] 0.224) 0.260} 0.306) 0.365] 0.444) 0.55 
8 {12.38 | 1.75 | 0.05 | 0.250) 0.288) 0.332) 0.391} 0.467) 0.57 | 0.71 
9 |13.92 | 1.97 | 0.06 | 0.311] 0.358) 0.415} 0.488) 0.58 | 0.71 | 0.88 
10 {15.47 | 2.19 | 0.07 | 0.379) 0.484; 0.50 | 0.59 | @.71 | 0.86 | 1.07 
11 17.02 | 2.41 | 0.09 | 0.451) 0.52 | 0.60 | 0.70 | 0.84 | 1.02 | 1.28 
UZ TSE 5025635) (OP tLe SO ode On OL Ona 02 SS se 0299 mie Zim ete 50 
13 |20.11 | 2.85 | 0.13 | 0.62 | 0.71 | 0.82 | 0.96 | 1.15 | 1.39 | 1.74 
14 21.66 | 3.06 | 0.15 | 0.71 | 0.81 | 0.94 | 1.11 | 1.82 | 1.60 | 1.98 
15 123.21) 3-28 | 0.17 | 0.80") 0-925) 1-07 | 1.26 | 1-49 | 1.82 | 2227 
16. |24.76 | 3.50 | 0.19) | 0.90) 1.03) £.21 | 1.42°| 1.68 |. 2°05 |) 2.56 
1 126. 30M 83s 25) OL 225) T0258 Ie GN Vesa TASS le SSs 22) S0ME2n86 
18 /27.85 | 3.94 | 0°24 | 1.12 | 1.29 | 1.50-|-1.76 | 2.10} 2.56 | 3.18 
19 {29.40 | 4.16 | 0.27 | 1.24 | 1.43 | 1.66 | 1.94 | 2.82 | 2.81 | 3.51 
20 |30.94 | 4.38 | 0.30 | 1.37 | 1.57 | 1.82 | 2.14 | 2.55 | 3.10 | 3.86 
22 =|34.04 | 4.82 | 0.36 | 1.63 | 1.87 | 2.17 | 2.55 | 3.04 | 3.69 | 4.60 
24 |37.13 | 5.25 | 0.43 | 1.92 | 2.20 | 2.55 | 2.99 | 3.58 | 4.35 | 5.4 
26 ©|40.23 | 5.69 | 0.50 | 2.22 | 2.55 | 2.96. | 3.48 | 4.141] 5.1 | 6.3 
28 =|43.32 | 6.13 | 0.58 | 2.55 | 2.92 | 3.39 | 3.98 | 4.76 | 5.8 | 7.2 
30) AG RA2 eI Grol 0672, 90) 13.382) 83. 86 | bs | |fontesiG.6 msec 
32 49.51 | 7.00 | 0.76 | 3.27 | 3.74 | 4.88 |} 5.1 | 6.1 | 7.4 | 9.2 
af 52.6: | 7:44.) 0.86 | 3.657) 4.19 |) 4786") 537 | 6.8" 18-3 1083 
36 |55.7 | 7.88 | 0.96 | 4.07 | 4.67 | 5.4,.]6.4 | 7.6 | 9.2 /11.4 
hs) 9 Petsaets) teens ILO CaO Mier? KA) i 7/) || eee be ne 
40 (61.9 | 8.76 | 1.19 4.95 5.7 (6.6) 7.8" | 9.2 ieee 
45 169.6 | 9:85 | 1.50 |6.2 | 7.1 | 8.2. )-9.6 |11 4 13.9 1774 
DO (ae LORDSS ele SO evi on eS Onm | Os Olen lille game |tNss inc) am | lazelC) enn 2 lam 
SON | Sone 27055 (27 2O5 ESO en Oe eae Sn Omn Gx Omm| 20 nome oie 
60 92.8 {13.13 | 2.68 10.4 |12.1 |13.9 16.4 |19.6 23.8 |29.7 
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— 


42-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
Veloc- 
Million : eet. | Head 
Cub , 

Gallons [peal er seta) Peet ©) @) 69) 

Hours, |°e°0n" c=140 | c=130 | c=120 | c=110 | c=100| c=90 | c=80 
33 4.64) 0.48 | 0.00 | 0.019| 0.022) 0.026) 0.030] 0.086) 0.044] 0.054 
4 6.19] 0.64 | 0.01 | 0.033) 0.038) 0.044] 0.052) 0.061) 0.074! 0.092 
s 7.74) 0.80 | 0.01 | 0.050) 0.057} 0.066} 0.078) 0.092) 0.113] 0.140 
6 9.28) 0.96 | 0.01 | 0.070} 0.080; 0.092} 0.108} 0.129) 0.158} 0.196 
if 10.838) 1.13 | 0.02 | 0.092} 0.106) 0.123) 0.145) 0.173] 0.210] 0.261 
8 12.38] 1.29 | 0.03 | 0.118) 0.1386) 0.158) 0.185) 0.220! 0.268! 0.333 
9 13.92} 1.45 | 0.03 | 0.147] 0.168) 0.196] 0.230] 0.278) 0.333] 0.415 
10 15.47) 1.61 | 0.0421 0.178) 0.207) 0.288) 0.280) 0.332) 0.406] 0.51 
11 17.02) 1.77 | 0.05 | 0.213) 0.245) 0.284! 0.334; 0.398) 0.483] 0.60 
12 18.57} 1.93 | 0.06 | 0.251} 0.288) 0.333) 0.392) 0.468) 0.57 | 0.71 
14 21-66) 2225 | 0208 1502333] 0.382) 0.445) 0.52) | 0.62 | 0.76 | 0.94 
16 24.76) 2.57 | 0.10 , 0.428) 0.490; 0.571 0.67 | 0.80 | 0.97 | 1.21 
18 218d) 25899) O13 20053) 016102 ZL 0283: FON99 21 50 
20 SORIA el 2 |\— OLOnl On O42 OR (Am ORSOn| mle OZ ee leo tales 7 sete se 
22 SAO Bese Oe) || Mary |) Ores | TOR | ae SO I ey aoe | ake 
24 B37 US) BO | O26) |) OsGO Veil @4b al ail |) ake a RBS POs |) @ as 
26 AQ). 253) Zh | On27 || tbs |, aL 2al |p ab. 8x8) ih ah se if IL LR | op Bees i Oy olny 
28 4lay 29), 2 150) || O Sut | TO al BS aL | SS | Oe | me | Sy 
30 NG AG) ALI | (GIS, || IL 857 |) IE tae | aL 83 | a aR | STG) |) Bey 
32 AO) li) Gy dey || Moe ee aL ee | PO I aa AS) WT Se egy | ab Gye 
34 6 | B27 || O46 | wo | BS | BPD | Be7w@ | Be. 2a. Ih SO |) 4b ee 
36 57 || BAS) | O82 | OR | SLB | Wane |b SOO ih Ros Al By) || bey 74h 
38 Se | GolAl || Ona || Pe | BZ ey Se BL I) BIOS | ZEON It BO) 
40 oO) || G2 || Oe Paes | BGS |) 8500) |) Bae |) 2h Bs i 3.8} 6.6 
42 GoPOMEGEOMIO RS ecnOOMOLO2n eSeA Ones 2OO lA Gaia ns O oz 
44 OSple ee OSM On Su lee OominorLOmleon7 On| 4sGullmono 6.3 7.8 
46 FN A EO |) OoSD I SiO B48) EO | aba | SR 6.8 8.5 
48 HESS \ 778 |) OO | BAS Tt Bee | Zee |) eal 6.1 V4 9.2 
50 WH AL SOA | UO || Sint? |} Ahoy 4h 40) |) sels 6.6 8.0 |10.0 
55 85. 18.82 | Le 21 P4220 4 S25 526 6.6 7.8 9.6 {11.8 
60 92).8219.65 | 1.45 | 4.94 | 5.7 6.6 oth Oe alee 39 
65 LOORGRVORAS SEL 70S 87 6.6 vans) 9.0 |10.7 |13.0 16.2 
70 NOS al Ao |) Uk reac AO SoS [lO.8 jpleee le ey hee 
75 INGO) WE OG || By | WB So flO.O fil.” HBO IG-e leu al 
80 ISP Satli2eSOnle2not ales: Q.0 POl2 (UB. Yes vw ile) ees 


| 


48-INCH PIPE. 


Discharge in Loss of Head‘in Feet per 1000 feet of length. 
illion P e. ead, 
Gallons [peer er| Second.) Feet OnROnEOnEO) 
Hoursiey | on c=140 | c=130 |e =120 | c=110 | c=-100| c=90 
4 6.19} 0.49 | 0.00; 0.017] 0.020) 0.023) 0.027} 0.082) 0 039) 
5 7.74| 0.62 |0.01} 0.026) 0.030; 0.035) 0.041] 0.948} 0.059 
6 9.28] 0.74 | 0.01] 0.0386) 0.042) 0.048) 0.057} 0.068! 0.082 
8 12.38} 0.98 | 0.01} 0.062) 0.071) 0.082) 0.097} 0.115) 0.140 
10 15.47} 1.23 | 0.02] 0.094) 0.107) 0.124) 0.146} 0.174] 0.212 
12 18.57) 1.48 | 0.08, 0.131] 0.150} 0.174] 0.204] 0.243) 0.297) 0. 
14 21.66) 1.72 |0.05}| 0.174} 0.199} 0.232) 0.272] 0.324) 0.395) 0. 
16 24.76] 1.97 | 0.06} 0.222) 0.256) 0.298) 0.349] 0.417] 0.51 | O. 
18 27.85] 2.22 |0.08}| 0.277) 0.319) 0.369) 0.433] 0.52 | 0.43 | O. 
20 30.94; 2.46 | 0.09! 0.388] 0.387) 0.449) 0.53 | 0.68 | 0.76 | O. 
22 34.04; 2.71 |0.11] 0.401) 0.460] 0.54 | 0.63 | 0.75 | 0.91 | 1. 
24 Sled P2296) | OLL4 | O247218 0c 54 | 0763) 1) 0074) OFS8) |e 07) aie 
26 AOEAB)| Sis740) (OES || Wor |) OKess | Ware) || Waste |) 1 || ihBZe |) at 
28 43 .32|.3.45 |0.18) 0.63 | 0.72 | 0.84 | 0.98 | 1:17 | 1.43 | 1. 
30 AYEAPAN Bio\Ne) NEPA |) Ones || OMS 1) MSs | th) 9) TGS? |] 1 GP |] 2. 
32 49.51) 3.94 |0.24] 0.80 | 0.92 | 1.07 | 1.26 | 1.50 | 1.83 | 2 
34 D2 Om Ae LON TOE 27e ROL OOM MIR OSs plat Ol) ieee IE GSe eons | 2.54 
36 a yl eae) HO, oih ALSO) ab ales =|) GbGBR3 I al Gye || aleve ers |] oe 
38 Novator tl) Gaqltey [lV ooye |) Weailal |i ak ee |p ay Ra 3 || ay |) Se dal |) S3 
40 GUO WAC O2Z SV ORSS 22. | Me SONG) ee OOmiaaees 2.07 3.4 
42 GOLOM Foe LOR eS Sal Mie osall lid dalleonOStm oreo aleorO2nimon 
44 oath | caynces | Ooasay|( al octyl eye |) GER} || Goass 4) earl, || By Stay hake 
46 EZ P5EO6 TOR 50) Mle Se |e Sil 2sO9m oe alee o4e less salad 
48 CRS) || Dee Osos als zal | al sexess |) 3,983 |) PGre ] STK) |) Besse a 
50 C0 \NO2 LG” NOR59 EF EES4a P21 Is E246) PQESR a Sead eA Seen 
55 SO, Le G77 a Oe 2ON | 2252512 02 eran r4n09 4297 
60 92.8 | 7.39 |0.85| 2.58 | 2.97 | 3.44 | 4.04 | 4.80 | 5.9 
65 100.6 | 8.00 | 0.99] 2.99 | 3.438 | 8.98 |] 4.68 | 5.6 6.8 
70 108.3 | 8.62 | 1.15] 3.43 | 3.94 | 4.58 | 5.4 6.4 ts 
75 WOO) | 253 VSP SO) jp 4S | Bo Grill 7.3 8.8 {1 
80 WPzsincs) |) Clacstay {Al foul |p ct 240) 4] dai 5.9 6.9 S22 | 1Ol0F si2e 
85 131.5 |10.48 |1.70) 4.92 | 5.6 6.6 10% O22 dE ns 
90 139.2 11.08 }1.91] 5.5 6.3 oe 8.6 |10.2 2.4 5s 
95 147.0 /11.69 | 2.12] 6.0 7) 8.0 om  |pll.: 13.7 Wee 
100 WG NPA RL || 22355) (0.17/ Lolo 8.8 |10.4 |12.4 i 18. 


44. 


Discharge in 


O4- ENCE ELE KE, 


Loss of Head in Feet per 1000 feet of length. 


Million : 

Gallons Poe (°) (6) @) 61) 

ed Second. 

e—130) c= 120) |e =—1109|e— 100)" ¢=90) |e 

6 9.28] 0. 0.023] 0.027) 0.032) 0.0388) 0.046) 0 
8 12.38) 0. 0.040) 0.046] 0.054} 0.065) 0.079} 0 
10 15.47| 0. 0.060} 0.070} 0.082) 0.098] 0.119) 0 
12 1RS}..caNl| Ik 0.085} 0.098] 0.115] 0.187} 0.167] 0 
14 PAL (Xe) 1 0.113] 0.131] 0.153) 0.183) 0.222} 0 
16 24276) 1. QO. Ox 0.144] 0.167) 0.196) 0.2385) 0.285) 0 
18 Pare XO IL 0. 0. 0.179} 0.208} 0.244; 0.291) 0.354) 0 
20 30.94] 1. 0. OF 0.218] 0.252} 0.297) 0.354) 0.480] 0 
22 34.04] 2. O. ). 0.260] 0.301] 0.354) 0.422) 0.52 | O 
24 Smo lieze 0. OF 0.306] 0.354] 0.417) 0.496) 0.60 | 0 
26 A4Q).23) 2. @. 0. 0.354] 0.411] 0.482} 0.58 | 0.70 | 0 
28 ASE e2. Oz On 0.406] 0.470} 0.55 | 0.66 | 0.80 | 1 
30 46.42) 2. 0. QO. 0.461) 0.54 | 0.63 |. 0.75 | 0.92 | 1 
32 49.51) 3. 0. OF 0.57 | O60 | O.7al | Ones || 308 |} al 
34 a2 408 |e3). 0. 0. 0.58 | 0.68 | 0.80 | 0.95 | 1.15 | 1 
36 DOMaN Or OF 0. 0.65 | 0.75 | 0.88 | 1.05 | 1.28 | 1 
38 HS.6) | Br. OF 0. 072520283) 7 OL98e Ih aia at 
40 GD | By 0. OF D7 | O,O | LO |} Ws |) Hs | 
42 65.0 | 4. 0. OF ORSOM LE OOM ties) Me tOe re ZO 2 
44 68.1 | 4. 0. 0. 0.94 | 1.08 | 1.28 | 1758 | 1.86 | 2 
46 TAN | 25, 0. 0. 1 @22 || i lS | Bi) PAL a=] 202 2 
48 74.3 | 4. 0. 0. i dil} tb 2S | a ie | Ue) B® |) 2 
50 77.4 | 4. 0. ie 1,1 | 1.88 | G2 | We | Bas || 2 
55 Boosh || Be 0.44] 1. 1427) 17641593) 2580) | 2580) | 3 
60 9208) |S: 0. Ae Oy || Oe | 2.23 | Boate| S80 | 4 
65 100.6 | 6. 0. IL 11 3 |) PAE | PGBS SES | Sees | 
70 108.3 | 6. OF ie 2 OP, | 2S | 3. O02 | BG | 4.39 | s 
75 UNG IP A QO. 2. DO2m a2 OQ SSA Sn a4 ORAL OO NEG 
80 WEES) || 7s 0.94) 2. 2.84 | 3.30 | 3.88 | 4.61 | 5.6 Mi 
85 UBS) | 3. abs 2. 3.18) 3.69) 174532 15.2 6.3 7 
90 139.2 il, Be 3.52 | 4.10) 4.81 | 5.8 Cal) So 
95 147.0 die Bo 3.91 | 4.538 | 5-4 6.4 ee 9. 
100 154.7 es 3. 4.30 | 4.99 | 5.9 7.0 Sod)» [O. 
110 170.2 il. 4. 5.2 6.0 70 8.4 110.2 12° 
120 Sor Ze 5. 6.0 7.0 8.2 ite PEG Mize, 


45 


60-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
fag | Wee se 
Million : : Head, 
Gallons |,Celner| serena.| Feet] @) | @) | © | @ G) 
Higarsgi)/>focne e=140 | e=130, | c=120 | e=110 | c=100) c=90 | c=80 
4 6.19} 0.382 | 0.00) 0.006} 0.007; 0.008) 0.009 0.011 0.013) 0.016 
6 9.28] 0.47 |0.00] 0.012) 0.014) 0.016) 0.019) 0.023) 0.028) 0.035 
8 12.38} 0.63 |0.01| 0.021] 0.024) 0.028; 0.033) 0.039) 0.047) 0.059 
10 15.47} 0.79 |0.01} 0.032] 0.036) 0.042) 0.049 0.059 0.072) 0.089 
Ps 18.57| 0.95 |0.01| 0.044) 0.051] 0.059} 0.069] 0.082) 0.100! 0.124 
14 21.66} 1.10 | 0.02] 0.059) 0.068} 0.078, 0.092) 0.109) 0.133] 0.166 
16 24.76] 1.26 ; 0.02} 0.075} 0.086} 0.100] 0.117] 0 140, 0.171) 0:212 
18 27.85} 1.42 |0.03] 0.094] 0.107} 0.124] 0.146] 0.174) 0.212) 0.263 
20 30.94) 1.58 | 0.04} 0.118] 0.131! 0.152) 0.178] 0.212) 0.258! 0.320 
22 34.04) 1.73 | 0.05) 0.1386} 0.156) 0.181) 0.212) 0.253) 0.308} 0.381 
24 37.13) 1.89 |0.06! 0.159] 0.183] 0.212] 0.249) 0.298) 0.361] 0.449 
26 40.23) 2.05 |0.07 0.185 0 212) 0.247; 0.289] 0.346) 0.419] 0.52 
28 43.32} 2.21 |0.08| 0.212 0.243) 0.282) 0.331) 0.395] 0.480! 0.60 
30 46.42) 2.36 |0.09| 0.241) 0.277) 0.320] 0.377; 0.449] 0.55 | 0.68 
32 49.51] 2.52 |0.10] 0.271; 0.310] 0.361] 0.425) 0.51 | 0.62 | 0.76 
34 52.6 | 2.68 |0.11] 0.303) 0.3497 0.404) 0.474! 0.57 | 0.69 | 0.86 
36 55.7 | 2.84 |0.12)| 0.338) 0.388} 0.449] 0.53 | 0.63 | 0.76 | 0.95 
38 58.8 | 2.99 |0.14| 0.372] 0.428] 0.496) 0.58 | 0.7 0.85 91205 
40 61,9 | 3.15 +0.15) 0.410) 0.470) 0.55_) 0:64 | 0.76 | 0.93 | 1.16 
45 69.6 | 3.55 |0.19} 0.51 | 0.59 | 0.68 | 0.80°-| 0.95 1.16 1.44 
50 Uae N cytes Ora Oatoys MNO a7ak HI (Nacsy Ove | aK ab 2h | a bas 
55 85.1 | 4.83 |0.29) 0.74 | 0.85 | 0.98 | 1.16 | 1.88 | 1.68 | 2.09 
60 9258") 45773. 10235) Oc87 5 100) I LGs e365 62 | MicosizorrE 
65 MOOG Gy MPs OPA aE KOA |) ah iP aL SHE | tats |) ab tele |] Beye |) Si tous 
70 Ver Bil tore Meee braKayal| abesy |] abesee |) al esl || alee |] h(a) |) 3 sare) 
75 ILOROR ool OR a4 ils 2 eee Lele leon eNO Gn ort G=ie OOS ialeoa7() 
80 UW Azeretey |) (eee) (NOP) alee fl ah 7(0). || Nye || Sal |) GA SS See AL SIGs 
85 IVUROF SOM COM On CO} LRGOn es LOOM 2 no tan ROOM Se OOM BOR 7 5 mletaGs 
90 Wears VAC) Oras) ab keveh |) BF aly by 47 2.89 | 3.44 | 4.19 | 5.2 
95 147.0 | 7.49 |0.87| 2.03 | 2.84 | 2.71 | 3.19 | 8.80 | 4.61 | 5.8 
100 V4 (Oa SSe | O.O Gl eeeet a 225 (alee nOSmleo Role ndel Qalenet 6.4 
110 W/OZ2NISe67a VL LT | e2568: |(StO 7mleseoraieds 1 8a4eOSenaan AS 
120 SD iene On 20m |S Obl tSilicsin mes OO smlinase tl Sanit e OO MEG) Theo il 8.9 
130 ZOU | LOL 249 MAGSiline Oo etal calla eeaoan lnm z, 6.8 S70 Oss 
140 216.6 |11.03 | 1.89) 4.18 | 4.79 | 5:6 6.6 7.8 9.5 11.8 


66-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
ee Ves Steel PS 
Mition | oupio | Wet | Hesa|tratily | yany | ddan, |Feted) Ripe t0 ver 
Sar Feet per} Second. Feet. Bea Shoah ines Pipe, Old, Rough. Raton. 
Hours. Second, Straight cane New. Brick 
Sewers. 
ce=140 | c=130 | c=120 | c=110 | c=100|} c=90 | c=80 
8 12.38] 0.52 |0.00/ 0.013) 0.015} 0.017] 0.021; 0.024) 0.030! 0.037 
10 15.47} 0.65 | 0.01} 0.020) 0.023] 0.026} 0.031] 0.037) 0.045] 0.056 
12 18.57} 0.78 | 0.01) 0.028) 0.032} 0.037) 0.043) 0.052) 0.063] 0.078 
14 21.66) 0.91 | 0.01) 0.037) 0.042} 0.049] 0.058 0.069) 0.084} 0.104 
16 24.76) 1.04 |0.02| 0.047) 0.054) 0.063) 0.074) 0.088, 0.107} 0.133 
18 27.85} 1.17 |0.02| 0.059] 0.068) 0.078] 0.092) 0.109] 0.133] 0.166 
2\) 30.94] 1.30 | 0.03) 0.071} 0.082} 0.095) 0.112] 0.13838) 0.162] 0.202 
22 34.04] 1.43 |0.03] 0.085; 0.098] 0.113; 0.133! 0.158) 0.193) 0.240 
24 37.13} 1.56 |0.04] 0.100) 0.115] 0.133] 0.157) 0.187] 0.228] 0.283 
26 40.23] 1.69 |0.04) 0.116) 0.133) 0.154) 0.182) 0.217) 0.262] 0.328 
28 43.32} 1.82 |0.05| 0.133] 0.153) 0.178] 0.208) 0.248) 0.302} 0.376 
30 46 .42| 1.95 |0.06| 0.152) 0.173) 0.201) 0.237) 0.282) 0.343) 0.427 
32 49.51) 2.08 |0.07] 0.171} 0.196) 0.227) 0.267) 0.318) 0.388] 0.480 
34 52.6 | 2.21 |0.08} 0.191} 0.219! 0.254) 0.298 0.356} 0.432! 0.54 
36 55.7 | 2.34 |0.09) 0.212) 0.243) 0.282) 0.331) 0.896) 0.481) 0.60 
38 58.8 | 2.47 |0.10] 0.235) 0.269) 0.312} 0.368} 0.488] 0.53 | 0.66 
40 61.9 | 2.60 |0.11] 0.258} 0.296) 0.344} 0.403] 0.481] 0.59 | 0.73 
45 69.6 | 2.93 |0.13] 0.320; 0.368) 0.427, 0.50 | 0.60 ; 0.73 | 0.90 
50 77.4 | 3.26 |0.16] 0.390) 0.448) ¢.52 | 0.61 | 0.78 | 0.88 | 1.10 
55 Sk || Bose |] O20] O.480)| Was | OLG2 | Wo 7e Ose | ilOe 1) iS 
60 O73 | BO | O24), O-85 | 0.68 | O78 | O80 4) 104 | ee a 
65 100.6" | <4.234) 0028 1°0.64 | 0.73 )0.84 | 0,99"): 1.18") 1-44 | 1,79 
70 NOSMSm eee On ONS2 On on ORS2 a NORD (elas Ses OnlmlnO om lee nO 
(65) GO) |p 4 Ss Osa || OH |) eG hI TO) |) PA ay aL Sire | B83 
80 OBS || BePAl VO.) Ms | sO |) ees AS) | ah re ial | G83 
85 1 35 || BoB O24) Oe] aa) |) TL Bes) a ss |) UL ee |) Birr | ol 
90 1BO.8 | BG | O58 | UG |) sas] oe | ee | RI |p Be | BS 
95 Wty? © || Geil) Oe) WS | thle |p ab ral | BOW) || 2D |) SOO! Si 
100 LA Orol ms OnGOl miele 62s IE SSa le e20m 2.622302 0m 3n9S 
110 WO | Wol@ | Oso) 1667 | U2) BB I Bow [sss | BO) |). 41.74 
HAD) W597 |) 7S 1 O.O5| We |) Bed Pes | BOO |, eel |) AAS | ae 
130 DOL 1 |) 4B |) Th ML Dees) A |) OEE | ash) | ae es |} 6.4 
140 PNVG@ || O12 |) PO) 2.62 |) SOI || BBO | 4a | 4 OO (a. 7.4 
150 227 Aeon Ge | 48209945 3543593298) 45687195. 6. 6.8 8.4 
160 DNoe G) |) | WU OS) BiB Bs i] Zsa) fh 8} 6.3 7.6 9.5 


T2-NCHy PIE: 


Discharge in 


Loss of Head in Feet per 1000 feet of length. 


a 


Veloc- | Veloc- | 
ity in ; | Steel 
“ys Feet Ley, ee . Good Riveted Pipe 10 
Gatigas | Cubic, | .2e | Reet. | Smooth) very] sonny | BCD USA | Rough.) wah 
Potee Second. Straight ducts. New. aes 
c=140 | c=130| c=120 | ¢ 110 ¢ 100; c=90! c=80 
8 12.38] 0.44 | 0.00] 0.009) 0.010) 0.011 0.013 0.016) 0.019} 0.024 
10 15.47] 0.55 | 0.00) 0.013] 0.015} 0.017) 0.020 0.024) 0.029) 0.037 
12 18.57| 0.66 | 0.01] 0.018} 0.021) 0.024] 0.028 0.084) @.041} 0.051 
14 21-.66| 0.77 | 0.01} 0.024) 0.028) 0.032} 0.038 0.045) 0.055) 0.068 
16 24.76] 0.88 | 0.01} 0.031} 0.035) 0.041} 0.048 0.958} 0.070) 0.088 
18 27.85| 0.98 | 0.02} 0.038} 0.044} 0.051 0.060 0.072] U.987| 0.108 
20 30.94] 1.09 | 0.02} 0.047) 0.054) 0.062) 0.073 0.087) 0.106) 0.132 
22 34.04! 1.20 | 0.02] 0.056} 0.064] 0.074) 0.087, 0.104) 0.126) 0.157 
24 37.13] 1.31 | 0.03] 0.066) 0.075) 0.087) 0.103 0.122) 0.148] 0.185 
26 40.23} 1.42 | 0.03| 0.076] 0.087) 0.102 Oe 0.142) 0.172) 0.215 
28 43 .32| 1.53 | 0.04} 0.087} 0.100) 0.116 0.136 0.162) 0.197) 0.246 
30 46.42] 1.64 | 0.04} 0.099) 0.113} 0.132 0.155, 0.185) 0.225) 0.279 
32 49.51) 1.75 | 0.05/ 0.112) 0.128] 0.148] 0.174) 0.208) 0.252) 0.315 
34 52.6 | 1.86 | 0.05] 0.125) 0.143] 0.166) 0.195) 0.282) 0.282) 0.351 
36 55.7 | 1.97 | 0.06| 0.138] 0.159] 0.185) 0.217) 0.259} 0.315} 0.391 
38 58.8 | 2.08 | 0.07] 0.153} 0.176) 0.204) 0.240. 0.287; 0.348] 0.482 
40 61.9 | 2.19 | 0.07] 0.169} 0.1938) 0.225) 0.263) 0.815) 0.382) 0.476 
45 69.6 | 2.46 | 0.09] 0.210) 0.241) 0.280) 0.329} 0.891) 0.477) 0.59 
50 77.4 2.74 || 0.1 0.255)) 0° 292) 0.340) -0=899)| 0.477) 0.58 1) 0.72 
55 81.5 | 3.01 | 0.14) 0.304) 0.349} 0.405) 0.476} 0.57 | 0+69 | 0.86 
60 O2NSAe Se 28 Onl Onoos |) On410) O24 7GMOnbOn sOnGcaln Ons taille O2 
65 100.6 | 3.56 | 0.20] 0.414] 0.475] 0.55 | 0.65 | 0.7 0.94 | 1.17 
70 108.3 | 3.83 | 0.23) 0.476) 0.55 | 0.64 | 0.74 | 0.88 | 1.08 | 1.34 
vhs) TUCOY |) ZEA | MEP Xe. eG) OO | On7e2 || OAs |) WL |) ees} || 1b 
80 123A Sele eS On SOOO LEO SON ORS a ORO6 mimic im | ieileecs So len tung 
90 BDF ALO QM ORGS OOM Osc atime Om ee Lie LS ie Nee at sallenr7e 2a ene ch 
100 154.7 | 5.47 | 0.47) 0.92 | 1.07 |=1-223)) 1.44 | 1522) 2.10 192260 
110 NAO 72 |) CoeOPA | Olatorayl| ALSO sear ibsalee al ss i eas || ake) |] Bh akO) 
120 185.7 | 6.57 0.67) bs28 | 1048 | Li¥2 | 2.01 | 2.40) 2.92 | 3.64 
130 PAO AL) eA NO ASN) DESO) EE | Ue) Bh eeb | REVAL || Skowl) || alo 
140 216565) 7.665) 0.00 | 1572 | 1297 925295152269) | 3.205) Seo0" a4. 84 
150 QS2 Ih SoZ | Ob UO oN e224 se KG Oia 0 pmlc Oyu etna 
160 247.65) 8.76) | 1L219)) 2.20 || 2552 1925923543) | 4510) 4299) | 622 
170 263.0 I O30} 153402246.) 2e82 bauos 3.85 | 4.59 | 5.6 GQ) 
180 2738.0 || 9.85 | 1.ol | 2.73 | 3.13 3.638 4229) | oul 6.2 Teste: 


78-INCH PIPE. 


Discharge in 


Loss of Head in Feet per 1000 feet of length. 


Veloc- | Veloc- 
Mialionn lGiibie Hoot ae ee res Riveted ea 
Gallons | Feet | s.0enq Feet [and "| smocth] Aque-| Pipe, | Ole | Roush] Rough 
FOuistal Second: Straight ducts. New. Brick 
Sewers. 
e— 140 \c—1s0) | e—120 c=110 | c=100| c=90 c=80 
6.46 | 10 | 0.30 | 0.00 | 0.004) 0.004) 0.005} 0.006 | 0.007} 0.009) 0.011 
9.69 | 15 | 0.45 | 0.00 | 0.008; 0.009] 0.011) 0.013 | 0.015) 0.019] 0.023 
12.93 | 20 | 0.60 | 0.01 | 0.014] 0.016] 0.019) 0.022 | 0.026} 0.032] 0.040 
16.16 | 25 | 0.75 | 0.01 | 0.021] 0.024) 0.028) 0.033 | 0.040} 0.048] 0.060 
19.39 | 30 |0.90 | 0.01 | 0.030] 0.034) 0.040 0.047 | 0.056) 0.068) 0.084 
22.62 | 35 |1.05 | 0.02 | 0.040] 0.046] 0.053) 0.062 | 0.074) 0.090) 0.112 
25.85 | 40 | 1.21 | 0.02 | 0.051) 0.058} 0.068) 0.080 | 0.095] 0.116) 0.144 
29.08 | 45 |1.36 | 0.03 ! 0.064] 0.073) 0.084] 0.099 | 0.118) 0.144] 0.178 
32.32 | 50 | 1.51 | 0.04 | 0.077] 0.088] 0.102) 0.120 | 0.148) 0.174] 0.218 
35.55 | 55 11.66 | 0.04 | 0.092] 0.106] 0.122) 0.144 | 0.172] 0.208] 0.259 
38.78 | 60 11.81 | 0.05 | 0.108] 0.124] 0.144) 0.169 | 0.201) 0.245) 0.304 
42.01 | 65 | 1.96 | 0.06 | 0.126] 0.144! 0.167, 0.196 | 0.288) 0.284! 0.354 
45.24 | 70 | 2.11 | 0.07 | 0.143] 0.164] 0.190] 0.223 | 0.268] 0.325] 0.404 
48.47 | 75 12.26 | 0.08 | 0.163] 0.186] 0.217] 0.253 | 0.303] 0.369] 0.459 
51.7 80 | 2.41 | 0.09 | 0.184] 0.211] 0.246] 0.288 | 0.348] 0.419] 0.52 
54.9 85 | 2.56 | 0.10 | 0.205] 0.236) 0.272] 0.321 | 0.882] 0.467] 0.58 
58.2 90 | 2.71 | 0.11 | 0.228] 0.262) 0.304] 0.358 | 0.426] 0.52 | 0.64 
61.4 95 |2.86 | 0.13 | 0.252] 0.290] 0.337] 0.396 | 0.471] 0.57 | 0.72 
64.6 | 100 | 3.01 | 0.14 | 0.278] 0.319] 0.369] 0.432 | 0.52 | 0.63 | 0.78 
Gilet) LON 3232.) 0.07 1702331). 0.379)" 0.44010. 52 20.62 170-75 | 0594 
Teel 208 113862 410220 110. 3891 0.24610. 525170, 61 | 160272 1-0-8841 1-209 
SEI NASON 11392 150224102450) 0752 150,60 10271. 1 0.84.1 1202) | 1927. 
905 1) 140° |F4222 | 0.28 1 0152 | 0.59 | 0.69 | 0.81 1.0.96 | 1,177 1.46 
96-09 JeI508 14.52. 0-32"! 0.59 | 02684) 0.78 | 0.92 31109-1383"), 1766 
TOS selon 4082 1036510566 10076 4 0288-1 1.08. 121.23) 1250 12387 
OG ON Wel7z0" 15212) 190241 | 0174 1 0585 | 0-99 11-16 11.88.) 168 12209 
i iGqes ent S0otor 43 10246. 0.82 10.0441 1200 | 1.28 154. ee?) oc39 
TORS lOO, 5-73 [Oc b1 1 OLOl 11204 129 1 19 43-4 0 8207 | 2258 
19932008 16203 100.56 | 1-000 115 1 15331 157 est) 1227 1 o32 
ene 2OGRCS a) G8ai01.9 | 1237 ele 59 i187. 29"89)| 22070 1538938 
elma eo wONSt eite 40 ete Gl tes 2. 20 18269" | "3519 9/"30 07 
16820 | 260° 17-84 | 0:95 1263-4) 1°87 | 2217 | 2.54 1° 304-.-3.69 |4559 
Toda E2802 Wise 24a), det ot 8 7) | 24a D8 AG 1, 2,925 G8 24G))| 4.03.) 51s 
10209 300.) Or04e10d 272. 12 12.48) 2782413. 31 2 1°8796 | 4280 | 620 
906.8 | 320 |-9.64 | 4.44 | 2.89 | 2.75 | 3.19 | 3.74. [4:45 15.4 | 6.8 


84-INCH PIPE. 


Discharge in 


Loss of Head in Feet per 1000 feet of length. 


ity in Veloc- Steel 
KE Feet ity Eix- ot Good Riveted | Pipe 10 
Gallons | eet | gB2t a] ‘eet’ [Smogth] Ver, gomy | Steel | ear | Rough Very, 
Howe Beacnd, Straight ) duste! eye oo 
ce=140 | c=130 | c=120| c=110 |c=100) c=90| c=80 
6.46 10 0.26 | 0.00 | 0.003) 0.003] 0.004) 0.004 | 0.005) 0.006] 0.008 
9.69 15 0.39 | 0.00 | 0.006) 0.007) 0.008) 0.009 } 0.011) 0.013} 0.016 
12.93 20 0.52 | 0.00 | 0.010) 0.011) 0.013} 0.015 | 0.018] 0.022} 0.028 
16.16 25 0.65 | 0.01 | 0.015) 0.017] 0.020) 0.023 | 0.028) 0.034! 0.042 
19.39 30 0.78 | 0.01 | 0.021! 0.024] 0.028) 0.033 | 0.039) 0.047] 0.059 
22.62 35 0.91 | 0.01 | 0.028) 0.032] 0.037] 0.943 ! 0.052) 0.063] 0.078 
25.85 40 1.04 | 0.02 | 0.036) 0.041] 0.047) 0.056 | 0.066] 0.080) 0.100 
29.08 45 1.17 | 0.02 | 0.044) 0.051) 0.059) 0.069 | 0.082) 9.100) 0.124 
32.32 50 1.30 | 0.03 | 0.054! 0.062} 0.072, 0.084 | 0.100) 0.122] 0.152 
35.55 55 1.43 | 0.03 | 0.064; 0.074] 0.086) 0.100 | 0.119] 0.145} 0.181 
38.78 60 1.56 | 0.04 | 0.075} 0.086] 0.100} 0.118 | 0.141] 0.171) 0.212 
42.01 65 1.69 | 0.04 | 0.087; 0.100} 0.117] 0.136 | 0.168) 0.198) 0.247 
45.24 70 1.82 | 0.05 | 0.100) 0.114] 0.183) 0.157 | 0.187! 0.228] 0.282 
51.7 80 2.08 | 0.07 | 0.128) 0.147] 0.171] 0.200 | 0.289] 0.290] 0.361 
58.2 90 2.34 | 0.09 | 0.159} 0.183! 0.212} 0.249 | 0.297) 0.361] 0.450 
64.6 100 2.60 | 0.11 | 0.193) 0.222] 0.257] 0.302 | 0.861! 0.439) 0.55 
dale 110 | 2.86 | 0.13 | 0.231] 0.265] 0.307] 0.361 | 0.480) 0.52 | 0.65 
CES 120 3.12 | 0.15 | 0.272) 0.311; 0.361] 0.424 | 0.51 | 0.62 | 0.76 
84.0 130 3.38 | 0.18 | 0.314) 0.361] 0.419} 0.492 | 0.59 0.71 | 0.89 
90.5 140 3.64 | 0.21 | 0.361] 0.414] 0.480) 0.56 0.68 | 0.82 | 1.04 
96.9 150 3.90 | 0.24 | 0.410) 0.470} 0.54 | 0.64 Nis cee | Oc es HIP KE 
103.4 160 A167) OF27 | 02461) 0253") 0262 0) 72 0.86 | 1.04 | 1.30 
109.9 170 4.42 | 0.30 | 0.52 | 0.60 | 0.69 | 0.81 (Dede |p ah sale ip at fie 
116.3 180 4.68 | 0.34 | 0.58 | 0.66 | 0.76 | 0.90 ike I ah 8X0) |) ae 
122.8 190 4.94 | 0.38 | 0.64 | 0.73 | 0.84 | 0.99 118 |) 1.44) 1279 
129.3 | 200 | 5.20 | 0.42 | 0.70 | 0.80 | 0.93 | 1.09 1.30 | 1.58 | 1.97 
Wages e207) 1 672.0080 | O88 1 0,96 I alt le so 1.55 | 1.88 | 2.35 
155.1 240 | 6.24 | 0.60 | 0.98 | 1.12 | 1.30 | 1.53 H BateP | Pyar Dray? 
168.0 260 Onrhey | Dara ysl wey) a ste) || akoesil Phar 22257) | eoe20 
181.0 | 280 } 7.28 | 0:82 | 1.380 | 1.49 | 1.78 | 2.03 2.42 | 2.96 | 3.68 
193.9 | 300 | 7.80 | 0.94 | 1.48 | 1.70 | 1.97] 2.32 Ze \ESRO UlAalO 
PAUoxse |) BAW | fejuoal aL OSS || abe || ik Gil || Pye |) earl BIN S374 || eet 
219.7 | 340 | 8.83 | 1.21 | 1.87 | 2.14 | 2.48 | 2.92 3.48 | 4.22 | 5.3 
Evert || Bxa0) 4) ast || laste || POs || 7833 || Berd |] 33.008 3.88 | 4.70 | 5.9 
245.6 | 380 | 9.87 | 1.52 | 2.29 | 2°63 | 3.06 | 3.59 4.29 |-5.2 6.5 


Discharge in 


Veloc- 


90-INCH PIPE. 


Loss of Head in Feet per 1000 feet of length. 


ity in Veloc- Steel 
ans sah) Beet, | ite |, Good | Riveted | Pipe 10 
Gallons | Feet” | Pet | Reet’ [Smoothl Ver, | omy | Steet | Year> | ough.) Vers, 
per 24 per and Aque Nicer Bacle 
ours. | Second. Straight ducts. aarere: 
c=140 | c=130 | c=120] c=110 | c=100| c=90 | c=80 
9.69 15 0.34 | 0.00 | 0.004! 0.005} 0.006) 0.007 | 0.008} 0.009) 0.012 
12.93 20 0.45 | 0.00 | 0.007; 0.008} 0.009) 0.011 | 0.013] 0.016} 0.020 
16.16 | 25 | 0.57 | 0.00 | 0.011) 0.012} 0.014) 0.017 | 0.020] 0.024] 0.030 
19.39 30 0.68 | 0.01 | 0.015} 0.017) 0.020} 0.023 | 0.028! 0.034] 0.042 
22.62 35 | 0.79 | 0.01 | 0.020) 0.023] 0.026) 0.031 | 0.037] 0.045} 0.056 
25.85 40 0.91 | 0.01 | 0.026; 0.029} 0.034) 0.040 | 0.048} 0.058] 0.072 
29.08 45 1.02 | 0.02 | 0.032’ 0.036] 0.042) 0.050 | 0.059} 0.072] 0.090 
32.32 50 1.13 | 0.02 | 0.038; 0.044} 0.051) 0.060 | 0.072! 0.087! 9.108 
38.78 60 1.36 | 0.03 | 0.054) 0.062) 0.072) 0.084 | 0.101! 0.122) 0.152 
45 24 70 1.58 | 0.04 | 0.072; 0.083} 0.096! 0.113 | 0.184] 0.163] 0.202 
SL 80 1.81 | 0.05 | 0.092) 0.105) 0.122) 0.143 | 0.171) 0.208! 0.259 
58.2 90 2.04 | 0.06 0.114] 0.131} 0.152; 0.179 | 0.213) 0.260] 0.322 
64.6 100 2.26 | 0.08 | 0.139) 0.160] 0.186) 0.218 | ©.260) 0.316] 0.392 
al ab 110 } 2.49 | 0.10 | 0.166) 0.190] 0.221] 0.259 | 0.309} 0.376] 0.468 
Ue 120 2.72 | 0.11 | 0.194} 0.222) 0.259) 0.303 | 0.861] 0.440) 0.55 
84.0 130 2.94 | 0.13 | 0.226] 0.259) 0.301) 0.353 | 0.421) 0.51 | 0.64 
90.5 140 3.17 ; 0.16 | 0.259] 0.298) 0.344) 0.404 | 0.481} 0.59 | 0.73 
96.9 150 3.40 | 0.18 ; 0.294} 0.338} 0.391) 0.460 | 0.55 | 0.67 | 0.83 
103.4 160 307 | O20 | ©.884) Osi) 0). 22) O32 0.62 | 0.76 | 0.94 
109.9 170 SHSo | OnZan| Oro auN 0.4275) "024935 0n58 0.69 | 0.84 | 1.04 
ENG. 8 180 4.07 | 0.26 | 0.413) 0.472) 0.55 | 0.64 Oo || O.@4 | aly 
22S 190 AL SO) | O22) || O.24574| O54 | ©. 61 |) O72 0.85 | 1.08 | 1.29 
129.3 200 Ab IS | 0 2 || O80 |) O.88 | O.67 | O.78 0.94 | 1.14 | 1.42 
142.2 220 4.98 | 0.39 | 0.60 | 0.69 | 0.80 | 0.94 1} | AL BH ih @e) 
ils}55 AL 240 5 4 |) O24 |] O70 OS | -Oo4) | ah ko) 1.31 | 1.59 | 1.98 
168.0 260 55 0) 0). e | ORS |) OLE | IL OS jp a iy 2 ele Sa oes 0) 
181.0 280 Gu845 | OG4 | ©2983 I) ALG || PE | 1b 4 Wo Ae | Bibl |) Py 
193.9 300 G70 | O72 | ee |) AL Pal i) aL 4al | a 6s ILO | BAO || 2.08 
206.8 320 Hoty 1 O23 |b tee) Ie || SS |) 6 P44 PaO) |) eee 
219.7 340 A710 |) O.92 | 1.88 | UBS | WS |) B08 PAY 8s OF | B78 
D9. 360 Ss. | OB | IL.) | al. wal || OS ea ae A Ss || B88) || AL VX0) 
245.6 380 S60 | is) Oy al So) |) 2 | 2S 3.08 | 3.73 | 4.65 
258.5 400 Q.O8 | i 247 Al Sil | oS 24a | Bee SFOS elm oil 
Dien) 420 OF as le Ole Pe OSs eee Sale mO sein seo 38.70 | 4.50 | 5.6 
284.4 440 OVOGR 1h oA 2 | 2248) 27 S00 339 4,02 | 4.90 | 6.1 
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Y6-INCH PIPE. 


ae 
Loss of Head.in Feet per 1006 feet of length. 
Veloc- 
ey d oo Good ace Pipe 10 
Feet. | Smooth gen sonry. sie Old, Rough. Reh, 
and Aque New. | Brick 
Straight ducts. Sai 
c=140 | c=130 |c=120} c=110 |e c=90 | c=80 
0.00 | 0.003} 0.003! 0.004} 0.005 | 0.006) 0.007! 0.009 
0.00 | 0.005 0.006 0.007} 0.008 | 0.010) 0.012) 0.015 
0.01 | 0.011} 0.013} 0.015} 0.017 | 0.020! 0.025) 0.031 
0.01 | 0.019} 0.021) 0.025) 0.029 | 0.085) 0.042) 0.053 
0.02 | 0.028} 0.032] 0.037) 0.043 | 0.052) 0.063) 0.078 
0.02 | 0.039) 0.045] 0.052] 0.061 | 0.073) 0.089] 0.110 
0.03 | 0.052} 0.060} 0.070} 0.082 | 0.097; 0.118) 0.147 
0.04 | 0.067) 0.077) 0.089} 0.104 | 0.124) 0.152! 0.188 
0.05 | 0.083) 0.095} 0.111) 0.130 | 0.155) 0.188] 0.234 
0.06 | 0.101) 0.116] 0.135} 0.158 | 0.188! 0.229] 0.286 
0.07 | 0.121) 0.138) 0.161] 0.188 | 0.226) 0.273) 0.341 
0.09 | 0.143) 0.163) 0.190) 0.222 | 0.267) 0.322) 0.401 
0.10 | 0.165) 0.189) 0.220) 0.259 | 0.3808) 0.374! 0.466 
0.12 | 0.189] 0.218} 0.251) 0.297 | 0.352] 0.429) 0.54 
0.14 | 0.216} 0.248) 0.288] 0.338 | 0.401) 0.489} 0.61 
0.16 | 0.242) 0.279} 0.322) 0.380 | 0.451) 0.55 | 0.68 
OSS OR2 ALORS tll TORSO Or425n LORoI a ORG2 a NORZG 
0.20 | 0.302} 0.348} 0.402) 0.471 | 0.56 | 0.68 | 0.86 
0.22 | 0.332] 0.381] 0.442) 0.52 0.62 | 0.85 | 0.94 
0.25 | 0.366] 0.420) 0.488) 0.57 0.68 | 0°83 | 1.03 
0.30 | 0.437) 0.50 | 0.58 | 0.68 OFS19| (02998) 1238 
0.36 | 0.52 | 0.59 | 0.68 | 0.80 0.95 | 1.17 | 1.45 
0.42 | 0.60 | 0.68 | 0.79 | 0.93 TW | ah seh 1 aL ae 
0.48 | 0.68 | 0.78 | 0.91 | 1.07 an eS ales 
ay |] Wa 7hsh IP Oe) |) aS? |] Wee 1.45 | 1.76 | 2.19 
OPCS ORS T Sie ueOO im leeOm nla G: 1.68 | 1.98 | 2.46 
CON AU Hh OSS IE AT | WssX0) |) ik as Iheye |p 2 -PRy | > GB 
Oy ers{0) |p LE Ey yy Teas Wan ae ab 0) 2.02 | 2.47 | 3.07 
ORSON PLR Z One les Sal ele OOM [elas cy 2.24 | 2.72 | 3.39 
OROSM Els S25 | eleo2 el laiOm|eenOd 2.48 | 3.00 | 3.73 
15098 UeA4e | SIGGN 1928 Ee 2F 27, 2.69 | 3.28 | 4.08 
DLO OSS | ele | eee Oe ee 7, 2.98 | 3.58 | 4.45 
IL s3X) | Anal al Os || POX |] BGS 3.19 | 3.88 | 4.82 
Ue) | AN kSXoy || PAR ULSy | P3443 |) 70) 3.46 | 4.21 | 5.2 
1.54 | 2.00 | 2.29 | 2.66 | 3.12 3.72 | 4.52 | 5.6 


102-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
Velees Veloc- 
ity in 5 x Steel 
eee ee Het Head, tremely Very Mas hte eer Ve 
or oe Second.| Feet. Soo Smooth ee Pipe, Old, Rough. Boast 
Hours. | Second. Straight ducts. | New. creas 
c=140 | e=130 | e=120|c=110 |c=100} c=90| c=80 

12.93 20 0.385 | 0.00 | 0.004; 0.004; 0.005} 0.006 | 0.007) 0.009! 0.011 
19.39 30 0.53 | 0.00 | 0.008} 0.009] 0.011] 0.013 | 0.015] 0.018] 0.023 
25.85 40 0.70 | 0.01 | 0.014) 0.016} 0.018} 0.022 | 0.026! 0.031] 0.039 
32.32 50 0.88 | 0.01 | 0.021) 0.024] 0.028] 0.033 | 0.089 0.047! 0.059 
38.78 60 1.06 | 0.02 | 0.029} 0.034] 0.039] 0.046 | 0.055) 0.066] 0.082 
45 .24 70 1.23 | 0.02 | 0.039] 0.045] 0.052] 0.061 | 0.073) 0.088} 0.110 
en Tf 80 1.41 | 0.03 | 0.050] 0.057] 0.066] 0.078 | 0.093) 9.113] 0.141 
58.2 90 1.59 | 0.04 | 0.062] 0.071] 0.083] 0.097 | 0 116) 0.141] 0.175 
64.6 100 1.76 | 0.05 | 0.076} 0.086] 0.101) 0.118 | 0.141) 0.171] 0.212 
Talal 110 1.94 | 0:06 | 0.090] 0.103] 0.119] 0.141 | 0.167] 0.204] 0.253 
HO 120 2.11 | 0.07 | 0.106) 0.122) 0.141] 0.165 | 0.197] 0.239] 0.298 
84.0 130 2.29 | 0.08 | 0.123) 0.141) 0.163] 0.192 | 0.228) 0.278] 0.345 
90.5 140 2.47 | 0.09 | 0.141) 0.162) 0.187] 0.220 | 0.262) 0.319] 0.398 
96.9 150 2.64 | 0.11 | 0.159] 0.182] 0.212) 0.249 | 0.298) 0.361] 0.450 
103.4 160 2.82 | 0.12 | 0.180) 0.207] 0.239] 0.281 | 0.335] 0.408] 0.51 
109.9 170 3.00 | 0.14 | 0.201} 0.231) 0.268) 0.315 | 0.375) 0.456! 0.57 
116.3 180 3.17 | 0.16 | 0.224) 0.258) 0.299) 0.350 | 0.417! 0.51 | 0.63 
122.8 190 3.35 | 0.17 | 0.248) 0.283} 0.330] 0.388 | 0.461) 0.56 | 0.70 
129.3 200 3.52 | 0.19 | 0.272) 0.311) 0.361) 0.424 | 0.51 | 0.62 | 0.77 
142.2 220 Broce) || Oras || O88) O.87ll| @.2eil| ofl 0.60 | 0.74 | 0.92 
Seal 240 4.23 | 0.28 | 0.381] 0.438] 0.51 | 0.60 O71 | OL88 | iO 
168.0 260 4.58 | 0.33 | 0.441) 0.51 | 0.59 | 0.69 O8S2 OOM ies 
181.0 280 4.83} || ©.35 | Ooi | O.83 | Ov6S | 0.79 0.94 | 1.14 | 1.48 
193.9 300 5.29 | 0.44 | 0.58 | 0.66 | 0.77 | 0.90 Esk || Bil | 68 
206.8 320 5.64 | 0.49 | 0.65 | 0.74 | 0.86 | 1.02 WP) | aA || aL SR 
219.7 340 599 | O.50 | O78 | 0.82 | O87] W133 IE SGN ING on 205 
DO 360 O38 | O02 | ©. | ©.98 | 1.07 | 1.27 Wal | 1B | DWE 
245.6 380 O00 | O70 | O.SD | 1.08 | 1s | 1.36 iL | 2.02 | BD. 
258.5 400 COD | O.7¢% | O.98 | 1.18 | 1 Bil | os U3 | QP || De 
(lines) 420 CAO | O85 | U8 | Ws | 4S | a.ee 2.00 | 2.44 | 3.02 
284.4 440 Cot | COB | uy | et aS |) AS 219" | 2767-4) 3530 
297 .3 460 SO | WoO | dre] il 4 |) i.) }) Os 2.38 | 2.89 | 3.59 
SOL 480, SAG | IIa | WBS | Wes PLB || Doe 2.58 | 3.12 | 3.89 
B23 500 Sxcte| WO | as all |) 1 GS |) 2 se Pacts) || Briaeiss |) 2.40 
355.5 550 DBD | AG | ee || BOR | 2.88 || 2.76 3.30 | 4.01 | 4.99 


108-INCH PIPE. 


Discharge in 
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Loss of Head in Feet per 1000 feet of length. 
Veloce | Veloc- 

ity in F aus Steel 

Feet ity Ex- Good Riveted | Pipe 10 
Tet’ | te | Beet! [Smooth] sNew.,| sonny | Bice! | YSN | Rough.) ne, 

: gee New Brick 

Second. Straight ducts. : Somers 
c=140 | c=130 | t=120 | c=110 | c=—100| c=90 | c=80 
20 0.31 | 0.00 | 0.003] 0.004} 0.004) 0.005 | 0.006; 0.008) 0.009 
30 0.47 | 0.00 | 0.006} 0.007} 0.008} 0.010 | 6.011) 0.014) 0.017 
40 0.63 | 0.01 | 0.010) 0.012) 0.014) 0.016 | 0.019) 0.024) 0.029 
50 0.79 | 0.01 | 0.016] 0.018] 0.021] 0.025 | 0.029} 0.036} 0.045 
60 0.94 | 0.01 | 0.022! 0.025; 0.029} 0.035 | 0.041) 0.050} 0.062 
70 1.10 | 0.02 | 0.029} 0.034} 0.039} 0.046 | 0.055) 0.067) 0.083 
80 1.26 | 0.02 | 0.038] 0.043] 0.050} 0.059 | 0.070) 0.086} 0.107 
90 1.41 | 0.03 | 0.047} 0.054) 0.062} 0.073 | 0.087) 0.106} 0.132 
100 1.57 | 0.04 | 0.057} 0.066) 0.076} 0.089 | 0.106) 0.128) 0.161 
110 1.73 | 0.05 | 0.068] 0.078) 0.090; 0.106 | 0.126) 0.153! 0.191 
120 1.89 | 0.06 | 0.080) 0.092} 0.106} 0.124 | 0.148] 0.181) 0.225 
130 2.04 | 0.07 | 0.092} 0.106) 0.123) 0.144 | 0.172] 0.209) 0.261 
140 2.20 | 0.08 | 0.107} 0.122) 0.141; 0.166 | 0.198] 0.240) 0.299 
150 2.36 | 0.09 | 0.122/ 0.188) 0.161) 0.188 | 0.225) 0.273) 0.340 
160 2.52 | 0.10 | 0.186} 0.156] 0.181] 0.212 | 0.252) 0.309) 0.382 
180 2.83 | 0.12 | 0.169} 0.194] 0.225) 0.264 | 0.314) 0.382) 0.477 
200 3.14 | 0.15 | 0.206) 0.237| 0.272) 0.321 | 0.382) 0.466] 0.58 
220 3.46 | 0.19 | 0.246) 0.281! 0.326] 0.382 | 0.457) 0.56 | 0.70 
240 3.77 | 0.22 | 0.289) 0.330] 0.382! 0.450 | 0.54 | 0.65 | 0.81 
260 4.09 | 0.26 | 0.385) 0.384) 0.445) 0.52 0.62 | 0276 | 0.94 
280 4.40 | 0.30 | 0.382) 0.440! 0.51 | 0.60 0.72 | 0.87 | 1.08 
300 4.72 | 0.35 | 0.436} 0.50 | 0.58 | 0.68 0.8L | 0599 || 1.23 
320 5.03 | 0.39 | 0.491) 0.56 | 0.66 | 0.77 (OP |) abe fists 
340 5,34 | 0.44.) 0255) |) 0263 |) 0873) | 0k86 OSs eco eaieleos 
360 5.66 | 0.50 | 0.61 | 0.70 | 0.81 | 0.96 ees 1eSSa eee 
380 5.97 | 0.55 | 0.68 | 0.78 | 0.90 | 1.06 1.267)> bh. 53°) 1.90 
400 6.29 | 0.61 | 0.74 | 0.85 | 70299) |) 1.16 1.38 | 1.68 | 2.09 
420 CXEOMIPORGS ORS OLS n ROS a mle 1 52S | 1845229 
440 629251 05745 OrSSaik 12025 | Ses 1.65 | 2.00 | 2.49 
460 We23) | 1ORS1 (ORSG ale lille ies pele 0) ievdsk il) PA akey ll Sell 

| 

480 7h eotsy WO ctetsw lh AAO We Re) I alsetss |) al alas" 1.94 | 2-36 | 2.93 
500 786 | 0,96.) Lal2 128: | eter sie DROOP) Anos meg 
550 8.659) 116) Des4s Veba eS e209 2.50 3.03 | 3.79 
600 | 9.48 | 1.38 | 1.57 | 1.81 | 2.09 | 2.47 | 2.98 | 3.58 | 4.42 
650 {10.22 | 1.62 | 1.82 | 2.09 | 2.42 | 2.85 3.40 | 4.12 | 5.20 


Discharge in 


Million 
Gallons 
per 24 
Hours. 


19.39 
25.85 
32.32 
38.78 
45.24 
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Cubic 
Feet 
per 
Second. 


30 
40 
50 
60 
70 


80 
90 
100 
110 
120 


130 
140 
150 
160 
180 


200 
220 
240 
260, 
280 


300 
320 
340 
360 
380 


400 
420 
440 
460 
480 


500 
550 
600 
650 
700 


114-INCH PIPE. 


Loss of Head in Feet per 1000 feet of length. 

Veloc- Veloc- 
ity in : Steel 
Feet Hoa . ae Good Riveted | Pipe 10 
seeina,| Beet! |Sinoeth| Very] sony | Biel | SAF? | rourn.| Ver, 

Straight ducts. New. ee 

c=140 | c=130 | c=120 | c=110 | c=100;, c=90 |] c=80 
0 42 | 0.00 | 0.004} 0.005] 0.006} 0.007 |} 0.009) 0.011) 0.013 
0.56 | 0.00 | 0.008} 0.009} 0.011) 0.013 | 0.015} 0.018) .0.023 
0.71 | 0.01 | 0.012} 0.014) 0.016} 0.019 | 0.023) 0.028) 0.034 
0.85 | 0.01 | 0.017} 0.019) 0.023} 0.027 | 0.082) C.038] 0.048 
0.99 | 0.02 | 0.023) 0.926} 0.030] 0.035 | 0.042) 0.051) 0.064 
1.13 | 0.02 | 0.029] 0.033] 0.038} 0.045 | 0.054) 0.066] 0.082 
1.27 | 0.03 | 0.036] 0.041] 0.048) 0.056 | 0.067} 0.082) 0.102 
1.41 | 0.03 | 0.044) 0.050) 0.059) 0.068 | 0.082} 0.099] 0.123 
1.55 | 0.04 | 0.052} 0.060] 0.069} 0.082 | 0.097) 0.118! 0.147 
1.69 | 0.04 | 0.061] 0.070] 0.082) 0.096 | 0.114} 0.138] 0.173 
1.83 | 0.05 | 0.071} 0.081} 0.094] 0.112 | 0.182} 0.161} 0.200 
1.98 | 0.06 | 0.081} 0.094; 0.108} 0.127 | 0.152) 0.185) 0.230 
DEUZ ORO se On09S') OF LOG OMI2310F 145 OF 173180. 210| 502261 
2.26 | 0.08 | 0.104; 0.120! 0.1389] 0.163 | 0.195) 0.237] 0.294 
2.54 | 0.10 | 0.130) 0.149) 0.173) 0.202 | 0.242) 0.295) 0.367 
2.82 | 0.12 | 0.158; 0.181] 0.210; 0.248 | 0.294] 0.358] 0.446 
3.10 | 0.15 | 0.188)-0°217) 0.251) 0.294 | 0.351) 0.428) 0.53 
3.38 | 0.18 | 0.221) 0.253] 0.294) 0.347 | 0.412) 0.50 | 0.62 
8.67 | 0.21 | 0.257) 0.294) 0.341) 0.401 | 0.479) 0.58 | 0.72 
3.95 | 0.24 | 0.294) 0.338) 0.391; 0.460 | 0.55 | 0.67 | 0.83 
4,23 | 0.28 | 0.3838) 0.382) 0.445) 0152 0.62 | 0.76 | 0.94 
AL iy || W.8¥4 |) OB) On28Yal Oval) | Ones 0.70 | 0.86 | 1.07 
4.80 | 0.36 | 0.421| 0.482] 0.56 | 0.66 0.79 | 0.96 | 1.19 
5.08 | 0.40 | 0.469) 0.54 | 0.63 | 0.73 OFSS2 1707, | 1532 
5.36 | 0.45 | 0.52 | 0.60 | 0.69 | 0.81 (Dey | alive |] i 63 
Hot | O80) | Ona | Oe | O48 | Wu 107 | 1229) 1.61 
8B | O..5y5 | O,04 | O74 |) O28) | Oe e142 M76 
G7 |) OG | Oss | Ons | WG |) 1 7 Nae 4 elo? 
Gr Oe ROR Gon On 4a ORSom Or 9 Sm ielG 1.38 | 1.67 | 2.08 
G77 | Ol || Ons) | WA |p sO |) ab es ThA || AL BA dP A AS 
ADS |) Onze || Werko |) WsO9) | alate Pal ey! LGU enone eo 43 
laa Oe It AG} I) AL Wey | ab 3/1 al Gil 1922 e233) | 2590 
Ab |] kodak || aL AAAL tp dh ets WT Coil] i fei} 2°25 | 2.74 | 3.40 
Sell Ws Tse A al AMO at Whale |) ab eesire I Pa alee) 2.61 | 3.18 | 3.96 
OFSS ieleo2 | Lol 1584) 2) 14) | 2 on 2.99 | 3.64 | 4.52 


| 


120-INCH PIPE. 


ms 


Discharge in Loss of Head in Feet per 1000 feet of length. 

Veloc- Veloc- | 

ity in 5 7 Steel 

eave . | Feet ny Bx- Good Riveted | Pipe 10 
Gallons | Feet” [yPey ] ‘Feet’ |Stmooth| Very, | gory | Steet | Yea | Rough wey, 

per 24 per an BLES New. Brick 

Hours. | Second. Straight ducts. Carers 
c=140 | c=130 | €=120 |} c=110 | c=100| c=90! c=80 
19.39 30 0.38 | 0.00 | 0.004} 0.004) 0.005; 0.006 | 0.007) 0.008} 0.010 
25.85 | 40 | 0.51 | 0.00 | 0.006} 0.007; 0.008) 0.010 | 0.012! 0.014) 0.018 
32.32 | 50 | 0.64 | 0.01 | 0.009} 0.011} 0.013} 0.015 | 9.018) 0.021] 0.027 
38.78 60 0.76 | 0.01 | 0-013} 0.015] 0.018} 0.021 | 0.025) 0.030] 0.037 
45.24 70 0.89-| 0.01 | 0.018} 0.020) 0.023) 0.027 | 0.083) 0.040] 0.050 
Sod 80 1.02 | 0.02 | 0.022) 0.026) .0.030] 0.035 | 0.042) 0.051! 0.063 
58.2 90 1.15 | 0.02 | 0.028) 0.032) 0.037) 0.044 | 0.052) 0.064) 0.079 
64.6 100 1.27 | 0.03 | 0.034] 0.039) 0.045) 0.053 | 0.068! 0.077| 0.096 
Ala 110 1.40 | 0.03 | 0.041} 0.047! 0.054) 0.064 | 0.076) 0.092) 0.114 
Hs) 120 1.53 | 0.04 | 0.048} 0.055] 0.064] 0.075 | 0.089) 0.108) 0.134 
90.5 140 1.78 | 0.05 | 0.064} 0.073] 0.085) 0.100 | 0.118) 0.144] 0.179 
103.4 160 2.04 | 0.06 | 0.082) 0.094] 0.108) 0.127 | 0.152 0.184 0.229 
116.3 180 2.29 | 0.08 | 0.102) 0.116) 0.184) 0.158 | 0.188] 0.229) 0.284 
129.3 200 2255: Ok 10) OR L238 On 141 OL LG63I 02192 302229 T0n2 ol eOns4s8 
142.2 220 2.80 | 0.12 | 0.147; 0.168} 0.195) 0.229 | 0.273) 0.332) 0.413 
155.1 240 3.06 | 0.15 | 0.172) 0.197} 0.229) 0.269 | 0.321) 0.390) 0.485 
168.0 260 3.31 | 0.17 | 0.200) 0.229] 0.267) 0.312 | 0.872) 0.452) 0.56 
181.0 280 3.56 | 0.20 | 0.228) 0.2€3) 0.305) 0.359 | 0.428] 0.52 | 0.65 
193.9 300 3.82 | 0.23 | 0.2€6| 0.298] 0.347! 0.407-|0.484! 0.59 | 0.74 
206.8 320 4.07 | 0.26 | 0.293) 0.337] 0.390} 0.459 | 0.55 | 0.66 | 0.83 
219.7 340 4.33 | 0.29 | 0.328] 0.377) 0.488] 0.51 0.61 | 0.74 | 0.92 
232.7 360 4.58 | 0.33 | 0.364] 0.418] 0.485) 0.57 OFGS 5028251 aie03 
245.6 380 4.84 | 0.36 | 0.402) 0.462) 0.54 | 0.63 0.75 | 0.92 | 1.14 
258.5 400 5.09 | 0.40 | 0.442} 0.51 | 0.59 | 0.69 OL825| L000 eie25 
201.5 420 5.35 | 0.44 |! 0.484) 0.56 | 0.64 | 0.76 OF9O8 ele Onn alot 
284.4 440 5.60 | 0.49 | 0.58 | 0.61 | 0.70 | 0.88 0.98 | 1.19 | 1.49 
297.3 460 eteley |) Waar |) Oaire | Wstorey || Wer) | © as Wade | W830) | it 
310.2 480 Cells OPS BORO2a Or alen nO Seve mimo WIG: fee Nh 
328 .2 500 6. 87e OFS ONG aSOR A. Ono Ons le Oe: U2 ol 2 else 
$90.0 550 C008 NORZOM RORSOS OSS 2ZS | LO a lee DAS 182423 6G 
387.8 600 72645) OF OU OSA IOS Teoma, 1.75 | 2.13 | 2.65 
420.1 650 Shacare We ML LOKey |) A SOhss || ih Psy. | al als.) abSyat 2.04 | 2.48 | 3.07 
452.4 700 SeetOnE Mabey lami || AL les |) aL aie || aL aya} 2.33 || 2.83 | 3.52 
484.7 750 satay | Wh eee NL Pee | A SCs | TESS. |] 2s 2.64 | 3.22 | 4.00 
517 800 OSs MGI 59 a Ie S3 meee AO 2.28 | 3.62 | 4.50 


132-INCH PIPE. 


Discharge in Loss of Head in Feet per 1000 feet of length. 
Veloc- Veloc- 

ity in : Steel 

Million | Cubic | Feet | esa, ‘tremely 7 ‘Max, | Riveted ey 
Gallons | Feet Senna: Feet. | Smooth Suiooce sonry pee Old. Rough. eee 

per 24 per and Aque- New. Beicic 

Hours. | Second. Straight ducts. Sewers 
c=140 | c=130 | c=120 | c=110 | c=100| c=90 c=80 
19.39 | 30 | 0.32 | 0.00 | 0.002] 0.003) 0.003] 0.004 | 0.004) 0.005] 0.006 
25.85 | 40 | 0.42 | 0.00 | 0.004] 0.005] 0.005] 0.006 | 0.007! 0.009] 0.011 
32.32; 50 | 0.53 | 0.00 | 0.006] 0.007! 0.008] 0.009 | 0.011) 0.013! 0.017 
38.78 | 60 | 0.63 | 0.01 | 0.009] 0.010) 0.011! 0.013 | 0.016) 0.019! 0.024 
51.7 80 | 0.84 | 0.01 | 0.014] 0.016; 0.019] 0.022 | 0.026] 0.032] 0.040 
64.6 | 100 | 1.05 | 0.02 | 0.021} 0.025} 0.028} 0.034 | 0.040! 0.048] 0.060 
77.5 | 120 | 1.26 | 0.02 | 0.030] 0.035] 0.040] 0.047 | 0.056] 0.068] 0.085 
90.5 | 140 | 1.47 | 0.03 | 0.040].0.046] 0.054! 0.063 | 0.075! 0.091| 0.113 
103.4 / 160 | 1.68 | 0.04 | 0.052! 0.059] 0.068] 0.080 | 0.096] 0.117] 0.145 
116.3 | 180 | 1.89 | 0.06 | 0.064! 0.073] 0.085} 0.100 | 0.119] 0.144! 0.180 
129.3 | 200 | 2.10 | 0.07 | 0.078] 0.089] 0.103! 0.122 | 0.144] 0.176] 0.218 
142.2 | 220 | 2.31 | 0.08 | 0.092} 0.107] 0.123] 0.144 | 0.172] 0.208] 0.260 
155.1 | 240 | 2.52 | 0.10 | 0.108] 0.124] 0.144] 0.169 | 0.202] 0.246] 0.307 
138.0 | 260 | 2.74 | 0.12 | 0.126] 0.144] 0.167] 0.196 | 0.234) 0.285] 0.354 
481.0 | 280 | 2.95 | 0.13 | 0.144] 0.166] 0.192] 0.226 | 0.268] 0.327] 0.407 
193.9 | 300 | 3.16 | 0.15 | 0.164/ 0.188] 0.219] 0.257 | 0.305] 0.371! 0.462 
206.8 | 320 | 3.37 | 0.18 | 0.184] 0.211] 0.246] 0.289 | 0.344) 0.419] 0.52 
219.7 | 340 | 3.58 | 0.20 | 0.207] 0.238] 0.276] 0.322 | 0.386] 0.469] 0.58 
232.7 | 360 | 3.79 | 0.22 | 0.230] 0.262] 0.306] 0.359 | 0.429] 0.52 | 0.65 
245.6 | 380 | 4.00 | 0.25 | 0.254] 0.291] 0.339] 0.398 | 0.472] 0.58 | 0.72 
258.5 | 400 | 4.20 | 0.27 | 0.279] 0.320] 0.372] 0.437 | 0.52 | 0.63 | 0.79 
271.5 | 420 | 4.42 | 0.30 | 0.308] 0.351] 0.407] 0.478 | 0.57 | 0.69 | 0.86 
284.4 | 440 | 4.62 | 0.33 | 0.332] 0.382] 0.442] 0.52 | 0.62 | 0.76 | 0.94 
297.3 | 460 | 4.84 | 0.36 | 0.361] 0.415] 0.481] 0.56 | 0.68 | 0.82 | 1.02 
SLOSZ ©1480 115.05 10.40) 1 023911°0:.449|0.52 | 0.61 + 0.73 10289 | 1.14 
323.2 | 500 | 5.26 | 0.43 | 0.421] 0.483] 0.56 | 0.66 | 0.79 | 0.96 | 1.18 
Soo 78 1000) 115279) 0.52" | 0.50) 1.0.58 0567 1-0.79 0.94. 41.14 | 1242 
Sei emPO00" 1 °6430"|20'.62 | 0.59-|°0..68°) 0,78) 0-92. |) 1.11 1-34. | 1.67 
A220 RIS 650 © 4°6,84.105734| 0.68 | 0278 10.92) 1-07 11.98 91256 11693 
Aya | 700 |) 7/3 || O.82 | O.79) 1 O2N0 | 1.05 | 1} | Te | i aS | @ op 
AOA a lO aatereS9 10.97 #0, 90! 120035) el 18 siete 80 qd 67 122203. 2252 
517 SOUS MeSad2 it 10.) OH 4 1 160)) 17344) 8 585 aL 88 312720 1) 9 84 
549 S50 nS OF flee He 13) | 1p20ul SOs 77 SAO verse 1-83.19 
582 COO) || DA th BD | P| zee |) 67 || WB. | O8Rs |! Mev) BY ia 
614 O50 E0290 Sha) SS.) 1500 S4e2.17, 8 '594s38.13 1.3.90 
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144-INCH PIPE. 


Discharge in 


Million | Cubic 
Gallons } Feet 
per 24 per 
Hours. | Second. 
25.85 40 
38.78 60 
ta) Bay f 80 
64.6 100 
17.5 120 
90.5 140 
103.4 160 
116.3 180 
129.3 200 
142.2 220 
155.1 240 
168.0 260 
181.0 280 
193.9 300 
206.8 320 
219.7 340 
232.7 360 
245.6 380 
258.5 400 
271.5 420 
284.4 440 
297.3 460 
310.2 480 
323.2 500 
355.5 550 
387.8 600 
420.1 650 
452.4 700 
484.7 750 
517 800 
549 850 
582 900 
614 950 
646 1000 
711 1100 


Loss of Head in Feet per 1000 feet of length. 


Veloce! Veloc- | 
Reet | ity, |, 2 Good | niveted | Pipe 10 
gevend,| Feet: | Smooth | rey, gory | Pipe, | Old, |Roweh.| Rough, 

Straight ducts. New: eneke 

c=140 | c=130 | c=120 | c=110 | c=100| c=90| c=80 
0.35 | 0.00 | 0.003) 0.063 0.003} 0.004 | 0.005) 0.006) 0.007 
0.53 | 0.00 | 0.005} 0.006) 0.007} 0.009 | 0.010) 0.012) 0.015 
0.71 | 0.01 | 0.009} 0.011 0.012) 0.014 0.017| 0.021) 0.026 
0.88 | 0.01 | 0.014) 0.016 0.019) 0.022 0.026) 0.032) 0.040 
1.06 | 0.02 | 0.020) 0.023) 0.02€) 0.031 | 0.037) 0.045) 0.055 
1.24 | 0.02 | 0.026) 0.030) 0.035} 0.041 | 0.049) 0.059] 0.074 
1.41 | 0.03 | 0.034| 0.039 0.045] 0.052 | 0.062 0.076] 0.094 
1.59 | 0.04 | 0.042) 0.048) 0.056) 0.065 | 0.078) 0.094) 0.117 
1.77 | 0.05 | 0.050! 0.058; 0.068) 0.079 | 0.094) 0.115) 0.143 
1.94 | 0.06 | 0.060} 0.070, 0.080| 0.094 | 0.118 0.137} 0.171 
2.12 | 0.07 | 0.071} 0.082) 0.094) 0.111 | 0.182) 0.161) 0.200 
2.30 | 0.08 | 0.082) 0.094 0.109} 0.128 | 0.153) 0.186] 0.232 
2.48 | 0.09 | 0.094 0.108 0.126 0.148 | 0.176 0.213) 0.267 
2.65 | 0.11 | 0.107) 0.123) 0.143) 0.168 | 0.200) 0.242) 0.302 
2.83 | 0.12 | 0.121] 0.139) 0.161] 0.188 | 0.226) 0.273] 0.341 
3.01 | 0.14 | 0.136 we 0.181} 0.211 | 0.252) 0.307] 0.381 
3.18 | 0.16 | 0.151] 0.173 0.200) 0.235 | 0.281) 0.341] 0.424 
3.36 | 0.18 | 0.167 0.191 0.222) 0.260 | 0.309 0.377) 0.469 
3.54 | 0.19 | 0.183] 0.209, 0.243) 0.287 | 0.341) 0.414) 0.52 
3.71 | 0.21 | 0.201) 0.280) 0.267; 0.313 | 0.873) 0.455) 0.57 
3.89 | 0.23 | 0.218] 0.249] 0.290) 0.341 | 0.406; 0.494) 0.62 
4.07 | 0.26 | 0.237] 0.272} 0.314) 0.371 | 0.441) 0.54 | 0.67 
4.24 | 0.28 | 0.256] 0.293) 0.341) 0.400 | 0.477) 0.58 | 0.72 
4.42 | 0.30 | 0.277] 0.318] 0.369) 0.432 | 0.52 | 0.63 | 0.78 
4.86 | 0.37 | 0.330] 0.379) 0.439} 0.52 0.62 | 0.75 | 0.93 
5.30 | 0.44 | 0.388} 0.448} 0.52 | 0.61 0.72 | 0.88 | 1.08 
5.75 | 0.51 | 0.450} 0.52 | 0.60 | 0.70 0.84 | 1.02 | 1.27 
6.19 | 0.59 | 0.52 | 0.59 | 0.68 | 0.80 | 0.96 | 1.17 | 1.46 
6.63 | 0.68 | 0.58 | 0.67 | 0.78'| 0.92 OST ee 3366 
TO | OFS) NO665| (OR 76s OCSSr ete 0s 1.23 | 1.49 | 1.86 
7.51 | 0.88 | 0.74 | 0.85 | 0.98 | 1.16 | 1.88 | 1.67 | 2.08 
7.96 | 0.98 | 0.82 | 0.94 | 1.09 | 1.28 | 1.58 | 1.86 | 2.32 
8.40 | 1.09 | 0.91 | 1.04 | 1.21] 1.42 | 1.69 | 2.06 | 2.57 
Darese dh WM GPAL PAL SOTO) | Adee |} aay | i uss Utshes h WM 
9.72 | 1.46 | 1.19 | 1.37 | 1.58.| 1.86 | 2.22 | 2.70 | 3.37 


RELATIVE DISCHARGING CAPACITIES OF 
AQUEDUCTS. 


Circle 
7,=1,5r 
7,=2.0r 
7,=2.5r 
1, =3r 
r,=4r 

4 square 
Square 


Ger 


108 
%=2.57 


Relative Elements of Conduits when 


ic SE 


ie 


114 


Flowing Full. 
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153 
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At Approximate Point of Maximum 
Discharge. 


Wetted sen . Wetted wean y 
Area. eee draulic Velocity.| Area. he draialie Velocity 
1000 1000 1000 1000 975 841 1160 1098 
1034 1023 1011 1007 1009 864 1168 1103 
1057 1040 1018 1011 1032 881 1172 1106 
1071 1054 1018 1011 1046 895 1169 1104 
1078 1063 1016 1010 1053 904 1165 1101 
1089 1076 1014 1009 1064 917 1160 1098 
1136 1136 1000 1000 1111 977 1137 1083 
1273 1273 1000 1000 1273 955 1333 1199 
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AQUEDUCTS,—8 TO 14 FEET. 


c=125. At point of maximum discharge the quantity is taken as 12% greater 
than in a circular aqueduct of the same height and width running full. 


3 9° 10’ il’ | 12° | 13” | 14 
Slope Slope { 
in Feet | in Feet 
per 1000. | per Mile. 
Discharge in Million Gallons Daily. 
0.030 | 0.158 34 46 60 78 98 120 | 146 
0.035 | 0.185 36 50 66 84 106 130 159 
0.040 | 0.211 39 53 71 91 114 140 171 
0.045 | 0.238 42 BY 75 97 121 150 182 
0.050 | 0.264 44 60 79 102 128 | 158 192 
0.055 | 0.290 46 63 84 108 piss je AKSY/ 203 
0.060 | 0.317 49 66 88 112 142 175 212 
0.065 | 0.343 51 69 91 118 148 | 182 221 
0.070 | 0.370 oo (2 95 122 154 190 231 
0.080 | 0.422 57 78 102 1B 166 ( 205 248 
0.090 | 0.475 61 83 109 140 176 218 265 
0.10 | 0.528 64 88 116 148 186 230 280 
Opal 0.581 68 92 122 156 196 242 295 
0.12 | 0.634 71 97 127 164 205 | 254 309 
0.14 | 0.739 Ga 105 138 178 224 | 276 | 336 
: { 
0.16 | 0.845 83 113 149 192 240 | 297 361 
0.18 | 0.950 88 120 159 204 256 { 316 385 
0.20 1.056 93 127 168 215 271 335 407 
0.22 1.162 98 134 Wyre 227 285—1 352 428 
0.24 1.267 103 140 185 239 300 | 370 450 
{ 
0.26 1.373 108 147 194 249 ; 318 386 469 
0.28 1.478 112 1538 201 259 325 402 488 
0.30 1.584 116 159 209 269 |} 338 418 508 
0.35 1.848 126 172 227 291 366 453 550 
0.40 ene, 136 185 244 314 395 487 591 
0.45 | 2.376 145 197 260 335 420 519 631 
0.50 | 2.640 153 209 275 354 445 ) 549 668 
0.55 2.904 162 219 290 373 468 579 701 
0.60 | 3.168 169 230 304 390 490 606 736 
0.65, || 32432 Were 240 317 407 511 631 770 
0.70 | 3.696 184 250 330 424 533 659 £90 
0.80 | 4.224 197 269 355 456 573 709 860 
0.90 4.752 210 287 378 485 610 754 918 
1.00 5.28 223 304 400 514 647 800 970 
1.10 5.81 235 319 421 541 680 840 1020 
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AQUEDUCTS,—15 TO 23 FEET. 


e=125, At point of maximum discharge the quantity is taken as 12% greater 
than in a circular aqueduct of the same height and width running full. 


15 | 16’ | 17 18’ 19 20’ 21 
Slope Slope 
in Feet | in Feet 
per 1000. | per Mile. 
Discharge in Million Gallons Daily. 
0.020 | 0.106 | 140 167 196 228 263 300 341 
0.022 | 0.116 | 148 176 205 239 276 316 358 
0.024 | 0.127 | 155 184 215 250 289 330 376 
0.026 | 0.137 | 162 192 ay 261 303 346 392 
0.028 | 0.148 | 169 200 237 274 315 360 410 
0.030 | 0.158 | 176 208 245 285 326 374 426 
0.035 | 0.185 | 190 226 266 310 355 406 460 
0.040 | 0.211 | 205 243 | 286 330 381 437 | 495 
0.045 | 0.238 | 218 258 305 352 406 465 528 
0.050 | 0.264 | 232 274 323 372 430 493 560 
0.055 | 0.290 | 243 288 340 395 453 518 588 
0.060 | 0.317 | 254 300 353 | 410 475 542 617 
0.065 | 0.343 | 266 315 372 433 495 569 642 
0.070 | 0.370 | 277 328 388 450 516 591 | 670 
0.080 | 0.422 | 298 353 410 480 552 635 720 
0.09 | 0.475 | 317 376 440 510 591 670 | 770 
0.10 | 0.528 | 336 398 470 | 542 625 713 1- <si0 
0.11 | 0.581 | 354 420 490 | 570 660 750 360 
0.12 | 0.634 | 370 439 510 600 690 790 | 900 
0.14 | 0.739 | 404 477 562 650 750 860 980 
0.16 | 0.845 | 432 512 | 600 700 810 920 1050 
0.18 | 0.950 | 461 547 640 740 360 | 980 1120 
0.20 | 1.056; 488 579 | 680 | 790 | 910 1040 | 1180 
Oe 1167) “513 610 710 | 830 | 960 1100 | 1240 
0.24 | 1.267 | 540 640 | 750 870 | 1000 1150 | 1300 
| 
0.26 | 1.373 | 562 | 668 | 780 910 | 1050 | 1200 | 1360 
0.28 | 1.478 | 585 694 810 940 1090 | 1250 | 1420 
0.30 | 1.584 | 608 | 720 | 840 980 1130 | 1300 | 1470 
0.35 |1.848| 660 | 780 | 915 1060 | 1230 | 1410 | 1600 
0.40 | 2.112} 710 | 841 | 990 | 1140 | 1320 | 1520 | 1720 
0.45 | 2.376 | 758 896 | 1050 | 1220 | 1410 | 1620 | 1830 
0.50 | 2.640 | 800 950 | 1110 | 1290 | 1490 | 1700 | 1940 
0.55 | 2.904] 842 1000 1170 1360 1570 i800 | 2040 
0.60 | 3.168 | 885 1040 | 1230 1420 | 1650 1880 | 2130 
0.65 | 3.432 | 921 1090 | 1280 1480 | 1720 | 1960 | 2230 


SEWERS. 
TABLE OF SLOPES REQUIRED TO PRODUCE GIVEN VELOCITIES. 
Tile, c=110. Brick, c=100. 


| | 
Gubic y=2 v=2.5 v=3 v=4 v=5 v=7 v=10 
: Feet per 
Size. Second. 
eds Slope in Feet per 1000. 

4” Tile 0.087) 6.5 9.8 13.8 23.5 35.5 66.0 128 

ite Ae 0.136} 5.0 (EO 10.6 18.1 27.3 oe 0) 99 

Ogee 0.196; 4.05 Gnu 8.6 14.6 22.0 41.1 80 

Sos 0.349) 2.90 4.39 6.2 10.5 15.8 29.5 57 

LO sae 0.545) 2.24 3.39. 4.74 8.1 12.2 22.8 44 
2 oe 0.785} 1.80 23 3.82 6.5 9.8 18.4 35.6 
Loa eZ Sa 2.10 2.95 5.0 7.6 14.2 27.5 
187% es Water il th des LO 2.38 4.06 6.1 il SS) 2222 
Diets *68 2.41 | 0.94 1.42 1.99 3.40 Sal 9.6 18.5 
Dane aes 3.14 | 0.80 Wes Lezak 2.90 4.39 8.2 15.9 
oe 3.98 | 0.70 1.06 1.49 Zieo2 3.82 vol 13.8 
sO 4.91 | 0.62 0.94 ik Sl 2.24 3209 623 12.2 
30” Brick 4.91 | 0.74 1b 1.56 2.68 4.04 leo 14.6 
3OLe eal GaOGale O60 0.90 1.26 2.16 S27 Grell 11.8 
ZH ANS 9.62 | 0.50 0.76 1.06 1.80 Qa. Sek 9.8 
Agi oC 12.57 | 0.428 | 0.64 0.91 1.54 PY 33) 4.34 8.4 
SACL 15.9 Ovs(Ze | OR56 0.79 1.34 2.03 3.79 7.4 
60 ee 19.6 0.330: | 0.50 0.70 LL9 1.80 3.00 6.5 
COMamae 23.8 0.295 | 0.445 | 0.62 1.06 1.61 3.00 ijats) 
Tole Pee 28.3 0.267 | 0.402 | 0.56 0.96 1.45 ed 5.3 
i Scausie 33.2 0.242 | 0.367 | 0.52 0.88 1232 2.47 4.78 
B40 SE 38.5 0.222 | 0.335 | 0.471 | 0.80 2 2.26 4.39 
90% 44.2 0.205 | 0.310 | 0.434 | 0.74 Tite 2.09 4.04 
OG iG ss 50.3 0.190 | 0.288 | 0.403 | 0.69 1.04 1.94 Selo 
1OSMamas 63.6 ORLGORSOR25 0) OES 72 mOeo0 0.90 1.69 3.28 
Wy 4 ono O°1474\ 70.221 4) 07311 20258 0.80 1.49 2.90 
ilgey Pst 95.0 0.131 | 0.199 | 0.278 |.0.472 | 0.72 Ss PASS) 
Doe as 113 0.119) 0.179 | 0.251 )0.428 10.65 1) all 2.34 
iy Bios 133 0.108 | 0.163 | 0.229 | 0.390 | 0.59 1.10 melt 
Aes $6 154 0.099 | 0.150 | 0.210 | .0.358 | 0.54 1.01 1.95 
nye WNBA Were 0.091 | 0.138 | 0.194 | 0.330 | 0.50 0.93 1.80 
tye OG 201 0.085 | 0.128 | 0.180 | 0.306:| 0.462 | 0.86 1.67 
lire 227 0.079 | 0.119 | 0.167 | 0.285 | 0.430 | 0.80 1-55 
LS gauss 254 0.074 | 0.111 | 0.156 | 0.266 | 0.403 | 0.75 1.45 
2) ae 314 0.065 | 0.099 | 0.138 |} 0.236 | 0.356 | 0.66 1.29 
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TILE SEWERS,—4 TO 12 INCHES. 


C= NO: 
4” | 6” | 6” | 8” | 10” | 12” 
Slope 
in Feet 
per 1000. 
Discharge in Cubic Feet per Second, Running Full. 
1.8 WO 
2.0 1.66 
2.2 Bone 1.75 
2.4 11S LESS. 
2.6 1.18 1291 
2.8 ats 1.28 EY) 
3.0 0.71 1.28 2.06 
B.5 Poko Oe il GE) 2.24 
4.0 0.89 0.83 L49 2.41 
4.5 0.41 0.88 1.59 2.56 
5 g000 0.27 0.44 0.94 1.68 2) 44 
6 Brae 0.30 0.48 1.08 1.86 3.00 
a 0.18 0.33 0.58 1173 2.02 3.26 
8 0.19 0.35 0.57 1.20 217 3.50 
9 0.21 O37 0.60 1.28 2) oil 3.74 
10 0.22 0.40 0.64 1.36 2.45 3,05) 
12 0.24 0.44 oval 1.50 25700 4.36 
14 0.26 0.47 On 1.638 2.94 4.75 
16 0.28 0.51 0.82 TL SA) 3.15 Om 
18 0.30 0.54 0.88 1.87 ROO 5.4 
20 0.32 0.58 0.93 1.98 3.56 io 
22, 0.34 0.60 0.98 2.09 Smile) 6.1 
24 0.35 0.64 11 033 2.19 3.94 6.4 
26 0.37 0.66 1.07 2.28 4.10 6.6 
28 0.38 0.69 ita 2.38 4.28 6.9 
30 0.40 0.72 1.15 2.46 4.43 1? 
35 0.43 0.78 1.26 2.68 4.83 Of ees 
40 0.46 0.84 1235 2.88 5.2 8.4 
45 0.49 0.89 1.44 83,0 5.6 8.9 
50 0.52 0.94 i 3.20 5.8 9.4 
60 0.58 1.04 1.68 3.68 6.4 10.4 
70 0.63 pais 1.83 8.90 Ga TIS: 
80 0.67 ILAPAL 1.96 4.18 ath 12 T 
90 0.72 1.30 2.10 4.46 8.0 IAS) 
100 0.76 1.37 2.22 4.78 8.6 13). 


Quantities corresponding to velocities between 2 and 3 and over 10 feet pet 


second are in italics. 
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TILE SEWERS,—15 TO 36 INCHES. 
c=110. 


Slope 
in Feet 
per 1000. 


Se oS & 
OMONAD XN 


1.0 
1 oa 
1.4 2.5 
1.6 2.6 
18 2.8 
2.0 3.0 
PUP) 3.1 
2.4 3.3 
2.6 3.4 
HD 3.6 
3.0 37 
3.5 4.0 
4.0 4.3 
4.5 4.6 
5.0 4.9 
6 5.4 
7 5.9 
8 6.3 
9 6.7 
10 eM 
12 7.8 
14 8.5 
16 9.1 
18 Oy 

20 10.3 

22 10.9 

24 11.4 

26 11.9 

28 12.4 

30 12.8 


NINN QOD 


AAAar RAH: 
aon un sey TEN ey ory (SS) maoaws © SS CO N= 


~I 00 00 00 


© Swe 


15” | 1 &/" 


Discharge in Cubic Feet per Second, Running Full. 


~I 


(or) 


21” | 247 


26. 


SR OAS 


SANA2SO NYNwWwNhNH ONADWSO 


mMOOLOAA 


NWO WwW 


ie) a 
eH He 
or IN & woo om 


Co 
NN 
DAakrk © 


27” 


DAD MAH: 


wR & 


00 HS 


LAMAR CARO 


mA % SS 


10 


second are in italics. 
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30” 


26. 


3 6” 


Lh. 
15. 
fom 


oe 
19. 


20 
22 
24 
26 
28. 


29. 
31 


32. 


34 


35. 


Se 


40 
43 


46. 
48. 


54 
59 
63 
67 
71 


78 
85 
92 
98 
103 


109 
114 
119 
124 
128 


Quantities corresponding to velocities between 2 and 3 and over 10 feet 


NUR ORD NADA 


NR ow 


1 


6 
9 
2 
4 


co 


per 


BRICK SEWERS,—30 TO 66 INCHES. 


C= iOOy 

30” 36” 49” | 48” | 54” | 60” | 66” 

Slope 

in Feet 

per 1000. 
Discharge in Cubic Feet per Second, Running Full. 

0.301 ee, al Wee es Te ve Pe 48 
Oreo le seers ee eee as ae 41 52 
0.40 avec Soc.  \meaciotind Shes 33 L4 56 
0.45 Fa reine hero 86 35 46 60 
0.50 ONO C austere 19.8 a7 37 49 63 
0.55 ce 20.8 i a) 52 67 
0.63 Le, 21.2 30 41 b4 70 
0.65 14.8 22.2 32 43 ov 73 
0.70 son 15.4 238.1 33 45 59 76 
0.80 10.2 16.6 24.8 385 48 63 82 
0.9 10.9 WEG: 26.6 88 51 68 87 
1.0 TIES RS 28.0 40 54 71 92 
bal 12.2 19.7 29-5 42 57 ao 97 
1.2 12.8 20.6 30.9 44 60 79 101 
1.4 1S 9 22.4 33.0 48 65 86 110 
AG 14.9 24.0 36.0 51 70 92 118 
1.8 15.9 25.0 38 .4 55 74 98 126 
2.0 16.8 27.1 40.6 58 "9 104 134 
2.2 Si 28 .6 42.9 61 83 110 141 
2.4 18.5 29.9 44.9 64 87 IWS 147 
2.6 19.3 Al 73 46.8 66 91 120 154 
2.8 20.1 32.5 48.8 69 94 125 160 
3.0 20.9 33.8 51 12 98 130 166 
Bio 22.7 36.7 55 78 107 141 181 
4.0 24.4 39.5 59 84 114 151 194 
4.5 26.0 42.0 63 90 122 161 207 
5.0 27.0 44.5 67 96 129 170 219 
5.5 29.0 47 70 100 136 180 231 
6.0 30.4 49 74 105 143 188 241 
6.5 31.8 51 Uh 109 L49 197 253 
7 33.0 53 80 114 156 205 263 
8 85.5 57 86 122 166 220 282 
9 37.8 61 92 130 178 234 301 
10 40.0 65 97 138 188 248 819 
11 42.1 68 102 L45 198 261 335 


~ Quantities corresponding to velocities between 2 and 3.and over 7 feet per sec 
ond are in italics. 
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BRICK SEWERS,—72 TO 108 INCHES. 


C— 1003 
eye | Ch | 84” | 90” | 96” | 108” 
Slope | 
in Feet 
per 1000. 
Discharge in Cubic Feet per Second, Running Full. 

0218 noes Beas Atte ay ease 133 
0.20 THe ane ey ace 103 141 
0.22 AG Pa,) 7 92 109 148 
0.24 ee 66 80 97 114 156 
0.26 Sait 69 8h 101 119 164 
0.28 58 72 87 105 124 169 
0.30 60 V4 91 109 129 175 
0.32 62 ii 94 113 1 182 
0.34 65 80 97 116 138 188 
0.36 66 82 100 120 142 194 
0.38 69 85 103 124 146 199 
0.40 71 87 106 127 150 205 
0.45 15 93 113 136 160 218 
0.50 79 98 119 144 169 230 
0.55 84 103 126 151 178 243 
0.60 88 108 132 158 187 255 
0.65 92 113 (ee is 166 196 266 
0.70 95 118 143 t72 203 O77 
0.75 99 122 149 179 211 288 
0.8 102 126 154 185 218 298 
0.9 109 135 164 197 233 asic 
1.0 116 143 173 207 246 335 
ial 122 150 182 220 {- 259 353 
al 128 158 192 230 272 370 
ies} 133 164 200 240 284 386 
1.4 139 171 208 250 295 402 
1.5 144 178 216 260 306 418 
1.6 149 184 224 269 317 433 
178 159 196 238 287 338 460 
2.0 168 207 252 304 357 488 
22 176 218 265 319 376 510 
2.4 185 229 278 835 395 540 
2.6 194 239 290 349 412 560 
2.8 201 249 | g02 364 429 570 
3.0 209 258" 08 37 » 378 446 610 


Quantities corresponding to velocities between 2 and 3 and over 7 feet per sec- 
ond are in italics. 
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BRICK SEWERS,—10 TO 15 FEET, 


c=100: 
10’ i | 12’ | 18’ | 14’ | 15’ 
Slope 
in Feet 
per 1000. 
Discharge in Cubic Feet per Second, Running Full. 
0.09 Sdiok 5 O00 wise tens setts aoa 350 
0.10 sss SbL'S Same sieies 5 310 372 
0.11 sa.00 Goad eran 268 326 391 
0.12 ess ce 228 281 S41 410 
0.13 Or ee. 238 294, 356 428 
0.14 Loe 197 248 305 371 44 
Ons 159 205 257 318 885 462 
0.16 165 211 266 329 400 479 
0.18 LG: 225 284 350 425 510 
0.20 186 239 800 370 450 540 
Q.22 196 251 316 390 474 570 
0.24 205 263 331 409 496 600 
0.26 214 275 346 426 520 620 
0.28 222 286 360 444 540 650 
0.30 231 297 374 461 560 670 
0.32 240 307 387 477 580 700 
0.34 247 318 400 494 600 720 
0.36 255 328 412 510 620 740 
0.38 262 337 425 520 640 760 
0.40 270 347 436 540 650 780 
0.45 288 370 465 570 700 840 
0.50 305 391 492 610 740 890 
0.55 321 412 520 640 780 930 
0.60 336 432 540 670 810 980 
0.65 351 451 570 700 850 1020 
0.70 365 470 590 730, 890 1060 
0.75 380 488 610 760 920 1100 
0.8 392 500 630 780 950 1140 
0.9 418 540 680 830 1010 1220 
1.0 443 570 720 880 1070 1290 
i ail 466 600 750 930 1130 1360 
1.2 488 630 790 980 1180 1420 
ee 510 660 820 1020 1240 1480 
1.4 530 680 860 1060 1290 1540 
1.5 550 710 890 1100 1340 1606 


Quantities corresponding to velocities between 2 and 3 and over 7 feet per sec 


ond are in italics. 
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COMPUTATION OF DECREASE IN THE VALUE OF c IN 
CAST-IRON PIPE, WITH AVERAGE SOFT UNFIL- 
TERED RIVER WATER, THROUGH A PERIOD OF 
YEARS. 


1st. Assume that the original value of c is 130. 

2d. Assume that the increase in loss of head due to tuberculation, etc., amounts 
to 3% per year. 

3d. Assume that the diameter of the pipe is reduced by tuberculation at the rate 
of 0.01 inch per year, and that the value of c must be modified to correct for this. 


V: ] f , iA ZA Waa at Orr sy ») ZA r “t ut Yo 4 a tt 
Ngo Sey Tae Me 4 6 8 10 12 16 20 24 30 36 48 60 
Pipe in lowance for 
Years. Reduction in 
Diameter. Value of c after Making Allowance for Decrease in Diameter. 
poms : i 
0 130 130 |130 |130 |130 |130 |130 |130 |130 |130 |130 |130 |130 
10 Wits} 106 108 |109 {110 |110 j111 {111 |112 J112 |112 |112 |112 
20 101 88 | 92 | 94 | 96 | 97 |} 98 | 99 | 99 | 99 | 99 |100 |100 
30 92 75 | 80 | 88 | 85 | 86 | 87 | 88 | 89 | 90 | 90 | 90 | 91 
40 85 64.171 Were | 76782279980: | Si] wee San Seas 
50 79.3 oy ME Coy A OWEN OSI i a7all |) rss I PAS Nees |) ah IP ed | rey |) FAS 
| 
60 74.6 “key |p roseyed| Lone sh Corss |) Covssenp aye |] CMY 70) Ib Ak |) Ab |) bee Wp 783 
70 70.6 42 | 51 | 55 | 58 | 6O | 62 | 64.| 65 | 66 | 67 | 67 | 68 
80 67.1 37 | 46 | 51 | 54 | 56 | 58 | 60 | 61 | 621-68 | 64 | 65 
90 64.2 aye) | A) aber tare |b Gy) | aass i} obtye |) sassy IP ey | Or a) 
100 (opts 29 | 38 | 48 | 47 | 49 | 52 | 54 | 55 | 56 | 57 | 58 | 59 


COMPARISON OF THE LOSS OF HEAD OF WATER IN 
PIPES OF VARIOUS AGES, AS COMPUTED BY 
THE METHODS USED 


(1) by Corrry: “ Graphical Solution of Hydraulic Problems.” 
(2) by Weston: “Friction of Water in Pipes.” 
(3) by Hazen & Writtams: Figures used in this volume. 


Velocity of Velocity of Velocity of 
1 Foot per Second. 3 Feet per Second. 5 Feet per Second. 

Diam- 
Bee of | eter 
ipe in 

Years. Inches. Hazen Hazen Hazen 

Coffin. |Weston | & Wil- || Coffin. |Weston| & Wil- || Coffin. |Weston| & Wil- 

liams. liams. liams. 


New 4 M55) | ATS e eS2 Hat |) 10.4 |) 10227) 30.0), 29).0) | 2670 


10 4 ISS alos SON eLGRON | MSeGn eto On| 44 OnesseONesSe0 


ae 16 0.34 | 0.33 | 0.35 2.9 2.9 2.7 7.8 8.1 7.0 


os 48 0.08 | 0.10 | 0.10 Ov | O.8 | Oor 197 2h 6. Eo 


20 4 741330) || TBO | Ae) PALO) | ale) |) PALO oil Kee |) 487 0) || 383.0) 


i 16 0.41 | 0.41 | 0.44 3.8 3.6 oe || LON se L020 9.0 


40 4 3.10 | 2.60 | 4.90 || 31.0 | 23.0 | 38.0 || 96.0 | 65.0 | 96.0 


i 16 0.55 | 0:56 | 0.65 5.6 5.0 5.0 || 17.0 | 14.0 | 13.0 
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SHORT METRIC EQUIVALENT PIPE TABLE. 


Discharge in Loss of Head in Meters per 1000 meters of length. 


Gallons Cubic Meters Diameters in Meters. 
Daily. Daily. er pecs =" 

D=0.1} D=0.2 | D=0.3 | D=0.4 |D=0.5|D=0.6 | D=0.8 |D=1.0 |D=1.2 
c=100 c=100 c=130 3.94 7.87 11.81 Vl) 19.68] =23.62|=31.50|=39.37|=47.24 
Old. Old. New. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. Ins. 
26,417 100 130| 0.6} 0.02 
39,626 150 195, 1.2) 0.04 
52,834 200 260) 2.0) 0.07) 0.01 
66,042 250 Sy, Baill Weill) OO 
79,251 300 390} 4.3} 0.15) 0.02 
92,459 350 455| 5.8} 0.20} 0.03 
105,668 400 PO 74 OFS OS) O01 
132,085 500 650/112 2 Orssa 0205 5 OL0r! 

158,502 600 780: 15.6} 0.54; 0.07; 0.02} 0.01 

211,336 800| 1,040) 26.6] 0.91) 0.13] 0.03] 0.01 

264,170) 1,000} 1,800] 40.5; 1.38} 0.19] 0.05) 0.02) 0.01 

317,004) 1,200) 1,560) 57 193) Ord) LOROTIO. 024; Oz0n 

369,838} 1,400 1,820} 76 2.58} 0.36) 0.09) 0.03) 0.01 

422,672} 1,600} 2,080| 97 3.30; 0.46} 0.11) 0.04] 0.02 

475,506} 1,800} 2,340|120 4.10} 0.57| 0.14} 0.05! 0.02 

528,340} 2,000) 2,600)146 5.0 0.69) ~0.17| 0.06} 0.02 

660,425} 2,500} 3,250}220 Meo 1.05) 0.26} 0.09) 0.04 

792,510} 3,000} 3,900)310 10.6 1.47} 0.36} 0.12) 0.05) 0.01 
1,056,680) 4,000) 5,200|515 18.0 2.50} 0.62! 0.21} 0.091 0.02!0.01 
1,320,850] 5,000} 6,500/800 | 27.2} 3.80] 0.93] 0.31! 0.13] 0.03/0.01 
1,585,020] 6,000) 7,800|..... 38 O39 1.31} 0.44) 0.18] 0.04] 0.02/0.01 
2,113,360} 8,000} 10,400]..... 65 9.1 2.23) 0.75) 0.31) 0.08] 0.03] 0.01 
2,641,700} 10,000} 13,000]..... 99 SSA 3.38) 1.13) 0.47) 0.12) 0.04] 0.02 
3,170,040} 12,000} 15,600|..... 138 19.2 4.70} 1.60) 0.65) 0.16] 0.05} 0.02 
3,698,380] 14,000} 18,200]..... 183 25.6 6.3 | 2.10) 0.87] 0.22/ 0.07} 0.038 
4,226,720} 16,000; 20,800|..... 235 32.8 8.0 | 2.70) 1.12} 0.28] 0.09] 0.04 
4,755,060} 18,000} 28,400]..... 292 41.8 | 10.0 |} 3.40) 1.38] 0.384/0.12]0.05 
5,283,400) 20,000} 26,000]..... 356 50 12.2 | 4.10) 1.68) 0.42] 0.14] 0.06 
6,604,250! 25,000) 32,500).....)...... 75 18.4 | 6.2 | 2.55] 0.63] 0.21) 0.09 
72925 001930000839) 000) reas terns 105 25.8 | 8.7 | 3.55/ 0.88 0.29) 0.12 
10,566,800) 40,000) 52,000).....)...... 180 43 14.8 | 6.1 | 1.50) 0.50 |.0.21 
13,208,500] 50,000} 65,000}.....]...... 272 67 22.4 | 9.2 |2.2610.76 0.31 
MSSM AU) COMO) VeEMOMO , oecollaccacalloanon« 93 31.5 /12.8 | 3.20] 1.07| 0.44 
PA sts 00}! SKOOL OOO os scallad aco clacoass 160. + |538 22.0 |5.4 | 1.80] 0.75 
26,417,000/100,000/130 000].....)......]...... 240 81 SOOM ESaZ anlar ied ledles 


VENTURI METERS. 


TABLE SHOWING HEAD LOST IN EXCESS OF THAT LOST IN 
STRAIGHT PIPE, EXPRESSED IN TERMS OF THE VELOCITY 


HEAD IN THE PIPE. 


Note.—The velocity head for any given discharge and pipe size may be found 
in the pipe tables. 


Diameter of Pipe. 


42/" | 48/7 


54” | 60” | 66” | 72!" | 73 | 84” 


1) 10” 12” | 16” 20’ | 24” 20" | 80” 
6 | 12 | 39 
4 7 | 20 
2 5 | 15 | 38 
3 | 10 | 25 
2 ff) Ales |) B3r¢ 
s.006llo0ais 5 | 13 ) 26 
zo dellocac 4 10>) 20 
cod on 3 | AES 35) 
SAGE lebcic 2 5 | 11 | 28 
nO biog bio ox 4 9 |} 22 
250 0|booallboox 3 Ze AV aay || 35s 
sounlloos||6 ace 3 6 | 14 | 28 
Fo mislhao.on 2 Sy 11) 23 
allo o<qIon o 3 Cay 
2 |i lal 
4 8 
3 6 
2 4 
coallooe o 3 
aloonllonoallonooloondlledsc 3 
dlloca olfoo Salleadallnaddilo coc 2 


se eele reefer cele re olereel[e re erleeae 


ee eelow ew ale ee arte oe ole ea ele ee rleeose 


Ce OC CC iC iC i ec ine ey 


eeeele sc ecele ce efeceeloceetse corfu cee 


see ele ree fo reefer cele e sete ec oete vee 


elec cele ee ele ee ele re ele ee eto roe 


Cs Ce i a fe ers Gr es Orr er ery 


CC CC ee ce iri ery 


Oe ONO COCO OCC ies Ge ee Ge ry 


e ole ee cto se efe reels xe ele ececfonee 


29 

20 | 34 
15 | 25 
SL AS 
8 | 14 
@) | aki 
5 8 
4 6 
3 5 
2 4 
2 3 

SOR 24 

sooa|| 24 


oe rele eee 


Sis) 9) eifie ceteieilkere. 


Loss of Head in Terms of Velocity Head. 


29 
22 | 34 
17 | 26 
13 | 20 
10 | 16 
8 | 13 
@ || UO) 
6] 8 
5 a 
4 6 
3 5 
3] 4 
2 ob 
2 3 
3 
2 
2 


We Or or 


UNDERDRAINS FOR SAND FILTERS. 


(No compensating orifices used.) 


Rate of filtration, mil- f | 
lion gallons per acre 4 


Csilyianciternvoerete aia 3 4 5 6 10 
Assumed resistance of 


Total allowable friction 
and velocity head in 
underdrainage system] 0.022 | 0.030 | 0.037 | 0.045 | 0.060 | 0.075 | 0.112 

Approximate ratio of 
filter area to area of 
WAI CHENIN cecobdsoc 6,300 | 5,600} 5,100} 4,700} 4,200} 3,800} 3,200 

Approximate velocity in 
main drain (varying 
somewhat with size).| 0.67 0.80 0.90 1.00 1.18 1.34 1.68 

Approximate velocity 
in laterals (varying 
somewhat with size).| 0.40 0.48 Oza 0.61 0.72 0.82 1.04 


clean sand, feet ..... 0.090 | 0.120 | 0.150 | 0.180 | 0.240 | 0.300 os 0.450 


MAXIMUM AREAS DRAINED IN SQUARE FEET. 


| 
2” round lateral. ..... | 79 70 64 59 53 48 41 


See et OP ieee 180 160 147 137 122 111 93 
Aa SS ee olor ae 325 288 264 245 218 200 168 
Ge 00 te oreessrats 750 670 610 570 500 460 390 
Se: OB oe acest 1,340 |} 1,200) 1,090; 1,010 900 820 690 


ee OG OSS ata 517 460 420 390 345 316 266 

6” split Spe xaNelors 360 320 290 270, 240 220 180 
Sie cay i ancgenatere 640 570 520 490 430 400 320 
Osan eee Soret 1,020 900 830 770 680 630 530 
aye ve Ly Unica cen 1,480 | 1,320) 1,200] 1,120} 1,000 910 770 
10” round main. ...... 3,400 | 3,000) 2,700} 2,500; 2,200} 2,000! 1,700 
Pe ey ee OO 4,900} 4,300 | 3,900} 3,600] 3,200} 2,900} 2,400 
aes Fore. 7,700 | 6,900 | 6,200 | 5,800} 5,100] 4,600] 3,900 
Ue OS UE Sotea eras 11,200 | 10,000 | 9,000 | 8,300} 7,400) 6,700) 5,600 
2 ae STO 94) 15,300 { 13,600 | 12,300 | 11,400 | 10,000 | 9,100} 7,600 
24” 8 ie Treen 20,000 | 17,700 | 16,100 | 14,900 | 13,200 | 12,000 | 10,000 
meee 4 Eee ces stale 25,400 | 22,400 | 20,300 | 18,800 | 16,600 | 15,100 | 12,600 
0 arn ORS oa 31,500 | 27,800 | 25,300 } 23,400 | 20,700 | 18,800 | 15,700 
BBye 08 Ue cre catia 38,000 | 34,000 | 31,000 | 28,000 | 25,000 | 23,000 | 19,000 
hie I a ase 45,000 | 40,000 | 37,000 | 34,000 | 30,000 | 27,000 | 22,000 


Note.—For main drains, ¢ is taken as 110, and it is assumed that the space 
drained is twice as long as wide. For lateral drains, c is taken as 100, and it is 
assumed that the space drained is four times as long as wide. Considerable change 
in shape of area drained does not greatly affect the results, and the figures may 
be used as approximations for all ordinary conditions 
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THE FLOW OF WATER OVER WEIRS. 


SHARP-EDGED WEIRS. 


THE basis of our experimental knowledge of the discharge of water 
over weirs of size applicable to the cases usually encountered in prac- 
tice rests primarily upon three investigations, viz.: 
(a) That of Mr. Jas. B. Francis, M. Am. Soc. C. E., made at Lowell, 
Mass., in 1852. 

(b) That of Messrs. Alphonse Fteley and Frederic P. Stearns, Mem- 
bers Am. Soc. C. E., made at Boston, Mass., in 1877, 1878, 
and 1879. 

(c) That of M. Henry Bazin, Inspecteur General des Ponts et Chaus- 
sees, made at Dijon, France, in 1886, 1887, and 1888. 

Each of these investigations has given rise to a formula for deter- 
mining the flow of water over a sharp-edged vertical weir without end 
contractions, named from the observers, and these three formulas com- 
prise those most commonly applied in practice. 

The symbols used in these formulas and in the following tables are: 

H=the total head or height from the crest of the weir to still water, 
measured in feet; 

h=the observed head or height of the surface of the running water 
above the crest of the weir, at some convenient point, meas- 
ured in feet; 


hy=the head to which the mean velocity of the approaching water is 
2 


due, measured in feet—i.e., hy =5-—where v=velocity in feet 


per second; 
L=the total length of the crest of the weir, or the mean width of the 
over-falling sheet at the plane of the weir, measured in feet; 
p=the height of the crest of the weir above the bottom of the channel 
of approach, measured in feet; 
Q=the quantity of water discharged per second over a weir, meas- 
ured in cubic feet; 
g=the acceleration due to gravity =32.16 feet per second. 
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74 THE FLOW OF WATER OVER WEIRS. 
The Francis formula, then, is: 
Q=3.33LH% or Q=3.33L[(h+h)*%—h,*]. 
The Fteley and Stearns formula is: 


Q=3.31LH%+0.007L or Q=3.31L(h+1.5h,)%+0.007L. 


The Bazin formula is: 


us 2 
Q=mLhv 2gh, where m= (0.40542 °°) [1 +-0.55(—5) | 


The several observers used different methods of reading the head h, 
and for an accurate application of the formulas the head should be read 
in the same manner as in the original experiments. 

Mr. Francis, in the experiments upon which his formula is based, 
observed the head as communicated through a small orifice (about 
+ inch diameter) in the side of the channel of approach, about 1 foot 
below the level of the crest and 6 feet up-stream therefrom, which 
was connected through a pipe about 18 inches long to a cistern, where 
the surface was read by a hook gage. The weir was of L=10 feet. 

In a part of their experiments, which were made on a weir with L=5 
feet, Messrs. Fteley and Stearns made use of a small orifice in the 
center of a plank 10 inches long, set with its face vertical and parallel 
to the axis of the channel of approach, and about 16 inches from the 
side wall, so that the orifice was about 10 inches above the bottom and 
6 feet up-stream from the weir, the orifice being connected by,piping to 
a movable cistern, in which the head was read by a hook gage. For the 
rest of their experiments these observers made use of eight small ori- 
fices simultaneously, which were connected in pairs, opening in opposite 
directions. These orifices were in the center of steel plates about 
6 inches long, located parallel to the current at about the level of the 
crest of the weir, and were 6 feet up-stream therefrom, and 18 inches 
and 7 feet respectively from the side walls of the channel, the weir 
being of L=19 feet. 

In the experiments of M. Bazin, who worked on weirs of L=6.56 
feet, 3.28 feet, and 1.64 feet, the head was communicated through an 
orifice 4 inches in diameter, at the bottom of the channel of approach 
and 16.3 feet up-stream from the weir, connecting with a pit, wherein the 
surface of water was located by a hook gage and a dial-float. 

Experimental comparisons of these formulas, where the heads were 
observed in the manner described for each, has shown them to agree 


THE FLOW OF WATER OVER WEIRS. 75 


within 24 per cent for heads from 0.5 up to 3 feet, and that the Fteley 
and Stearns and the Bazin formulas agree within 2 per cent for heads 
up to 4 feet. The Francis formula was only intended to apply between 
heads of 0.5 and 2.0 feet, and should not be used for higher heads. 
Where other methods of reading the head are used, errors of as much 
as 10 per cent may be introduced. One of the most erroneous of these 
is by the aid of a pipe placed in the current parallel to the weir and 
perforated upon its bottom or top. 

A very convenient as well as accurate means of reading the head 
upon a weir, and one which introduces but a small error, is by the use 
of a sharp-pointed plumb-bob suspended upon a steel tape, the latter 
passing over a block on which a line is drawn at right angles to the 
tape, the reading taken being that of the tape where the line intersects 
it. The reading of the tape corresponding to the position of the bob 
when in contact with the water surface, when the latter is at the level 
of the crest of the weir, must be determined and used as the datum. 
The point of observation should be far enough away from the crest of 
the weir to be beyond the curve of the approaching sheet, and the ele- 
vation of the water surface may be read by allowing the point of the 
bob to come in contact with it, the bob being still, or by swinging the 
bob and allowing it to cut the water surface. Whichever method is 
adopted should be used in determining the datum reading, as the indi- 
cations are somewhat different. Such readings will be found to fit the 
Bazin formula more accurately than they will either of the others. 

To facilitate the use of this formula, the following table giving the 
discharge over weirs of various heights from 2 to 30 feet and for heads 
from 0.1 to 6.0 feet is presented. ‘The discharges in this table can only 
be used in cases where the level of the water surface on the down-stream 
side of the weir is below the crest, and the space between the face of 
the weir and the over-falling sheet is in free connection with the out- 
side air. If a partial vacuum be formed behind the sheet, from lack 
of free circulation, the discharge will be increased, under some condi- 
tions as much as 5 per cent. If the water on the down-stream side rise 
above the crest, the weir then becomes submerged or drowned and the 
discharge is consequently decreased. 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


00984 h? 
Q= (0.405 ce | +055 | Lh\/2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= L. 


p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7Ft. | p=8 Ft. 5 
a ‘ wea 
coat eas uF, CuFt, ou Ft, CuFt, ou Ft. CuFt, eae 
per Sec. per Sec. | per Sec. | per Sec. per Sec. per Sec. per Sec. 
0.01 0.01 0.01 0.01 0.01 0.01 .O1 
0.02 0.02 0.02 0.02 0.02 0.02 .02 
0.03 0.04 0.04 0.04 0.04 0.04 .03 
0.04 0.05 OLOSmEEOLOS 0.05 0.05 04 
0.05 O. OR 0.06 0.06 .05 
0.06 0. O. 0.07 0.07 .06 
0.07 0. OF 0.09 0.09 .07 
0.08 0. 0. ee 08 
0.09 QO. Ox 0.12 0.12 09 
(ONO 0: 0. Osa 0-18 O10 
OL 1S or 0. 0.15 0.15 ii 
0.12 0. Or 0.17 0.17 Bi 
0.13 0. 0. 0.19 0.19 8 
0.14 OP 0. 0.21 0.21 14 
0.15 0. One: 0.23 E25 15 
0.16 0. 0. 0.25 0.25 16 
(0). he 0. . 0. 0.27 0.27 1Me/ 
0.18 0. 0.29 0. 0.29 0.29 18 
0. 0. OrsIS Os 0.31 0. 
0. 0. 0.33 0. Ce ICT 
(0? 0. 0.36 0.: 0.36 0. 
0.2 0. 0.38 0.38 0.38 0. 
0.23 0. 0.41 0.41 0.41 0. 
0.24 0. 0.43 0.43 0.43 0.4 
0.25 0. 0.45 0.45 0.45 0. 
0.26 0. 0.48 0.48 0.48 0. 
0.27 (0). 0.51 0.51 0.51 0. 
0.28 0.5: 0.53 0.53 0.53 0. 
0.29 0. 0.56 0.56 0.56 0. 
07500 (m0. 0.58 | 0.58 } 0.58 0. 
0.31 (0). 0.61 0.61 0.61 0. 
0732 0.64 0.64 0.64 0.64 0. 
0.33 0.67 0.67 0:67 0.67 O. 
0.34 0.70 0.70 0.70 0.70 0. 
0.35 0.73 0.73 Oe 0.73 0.7 
0.36 0.76 0.76 0.76 0.76 0. 
0.37 0.79 0.79 0:79 0.79 0. 
0.82 0.82 0.81 0. 
0.85. Jo 0.848 | 0.84 [00 
0.40 [0.88 | 0.88 | 0.88 | 0.87 | 0.87 | 0.87 | 0. 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGEb 


VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


O= (0.406 +t; 


Observed head 


Lh’ 2gh. 


p-. Discharge=Q. g=382.17 feet. 


h? 
(p+h)? 


Height of weir 


h. 


Length of weir= LZ. 


0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
0.09 


Omi 
0.12 
0.13 
0.14 
0.15 
0.16 
0.17 
0.18 
0.19 


0.21 


0.24 
0.25 
0.26 
0.27 
0.28 
0.29 


0.31 
0.32 


0.01 
0.02 


0.01 
0.02 


0.01 
0.02 


0.05 
0.06 
0.07 
0.09 
@d0 
0.12 


0.05 
0.06 
0.07 
0.09 
Mati 
0.12 


0.05 
0.06 
0.07 
0.09 
Ooi 
0.12 


0.01 
0.02 


0.05 
0.06 
0.07 
0.09 
0.11 
0.12 


0.15 
0.17 
0.19 
0.21 
0.23 
0.25 
0.27 
0.29 
0.31 


0.15 
0.17 
0.19 


0.25 
0.27 
0.29 
0.31 


0.36 


0.36 
0.38 


0.15 
117 
0.19 


0.15 
0.17 
0.19 


0.15 
0.17 
0.19 
0.21 


0.25 
0.27 
0.29 
0.31 


0.36 
0.38 


0.45 
0.48 
0.51 


0.45 
0.48 
0.51 


0.60 
0.62 


0.64 


0.64 


0.25 
0.27 
0.29 
0.31 


0.25 
0.27 
0.29 
0.31 


0.15 
0.17 
ORS 
0.21 


0.15 
0.17 
0.19 
0.21 


0.25 
0.27 


0.36 
0.38 


0.64 


0.36 
0.38 
0.41 


0.36 
0.38 
0.41 


0.61 
0.64 


0.61 
0.64 


0.25 
0.27 


0.11 
0.12 
0.13 
0.14 
0.15 
0.16 
Dail 


0.21 
0.22 


0.38 
0.41 


0.58 
0.61 
0.64 


0.30 
0.31 
0.32 
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0.46 
0.47 
0.48 
0.54 


=8 Ft. 
1.08 
1.14 


32.17 feet. 
Pp 


2gh. 
Q. g 
70 IB 
1.08 
1.14 


Pp 


| Lhyv 


1.39 
1.43 
1.47 


* h? 
(pth)? 
Ibe 

p=6 Ft. 
1.05 
1.08 
1 11s 
Pe25: 
L28 


1.39 
gee = 


5 Ft., 
1.05 
1.08 
1.15 
1.25 
1.28 


Pp 


Length of weir 


4 Ft. 
1.05 
1.08 
1.15 
1.25 
1.28 


Pp 


h. Height of weir=p. Discharge 


COMPUTED BY BAZIN’S FORMULA. 
(0105+: 
3 Et. 
1.06 
1.08 
1.15 
1.26 
1.29 
1.33 
1.36 


p 


2 Ft. 
1.09 
il iks 
eG) 
1.20 
W238 
27) 
1.31 
1.35 
1.38 


p 


VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 
Observed head 


0.46 
0.47 
0.48 
0.49 
0.50 | 
0.51 
0.52 
0.53 
0.54 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 


Lo) 
ue) 


0.56 
0.57 
0.59 
0.61 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.68 
0.69 
Onin 
0.72 
0.73 
0.74 

| 0.75 
OL77 
0.78 
0.79 


1.43 
1.47 
1.55 
1.66 
1.78 
1.86 
Ue 
1.94 
2.02 
2.07 
2.11 
2.33 
2.37 


1.55 
1.66 
1.86 
1.90 
2.02 
2.07 
2:11 
2.33 
2.37 


1.47 
1.55 
1.66 
1.86 
1.90 
2.02 
2.07 
2.11 
2.33 
2.37 


1.43 
1.47 
1.55 
1.66 
1.86 
1-90 
2.02 
2.07 
2.11 
2.15 

33 
2.38 
2.42 

78 


1.43 
1.47 
S163 
1.67 
il J7Al 
1.83 
1.87 
1.91 
2.03 
2.08 
oD file 
2.16 
2.34 
2.39 
2.43 


1.44 
1.48 
1.63 
1.67 
ibe 
1.84 
1.88 
1.92 
1.97 
2.06 
2.10 
2.14 
O18 
2.36 
2.41 


1.46 
1.66 
1.70 
1.74 
1.78 
1.82 
1.87 
EO 
1.95 
2.00 
2.09 
2.13 
2.18 
2.22 
2.27 
2.31 
2.36 
2.40 
2.45 
2.50 


0.56 
0.58 
0 60 
0.61 
0.62 
0.63 
0.64 
0.65 
0.66 
0.67 
0.68 

0.69 
0.71 
0.72 
0.73 
0.74 
0.75 
0.76 
0.77 
0.78 
0.79 
0.80 


END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT 


32.17 feet. 


Height of weir=p. Discharge=Q. g 


h. 


Observed head 


Ibi 


Length of weir 


3 H ee 
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3 : 
al ie OMrFOMD OM ErIOCIH ONMOAMOO MDM! /]H OHOmren ol/O 
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5 /( oqo saa 4 aaa 4 a SS = SS Sl Ser ei SS Se SS NNANANAAAIN 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 
COMPUTED BY BAZIN’S FORMULA. 

Q Ry ieee Oh 1+0.55 mua ae 
-(0 h ) “(pth ie 


ye 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir = L. 


p=2Ft. | p=3 Ft. p=5 Ft. | p=6Ft. | p=7Ft. | p=8 Ft. | 
h Se ee eS SS h 
in Peet. Q Q Q Q Q in Feet. 
Cu. Ft. court. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. 
per Sec. | per Sec. per Sec. | per Sec. per Sec. per Sec. 


2. : 2.47 2.46 2.46 2.46 | 0.81 

2. O). 2.51 2.50 {2-50 2.50 11 0882 

: 2. Oi 2.56 2.55 | 2.55 2.55 (50:83 

> 2. 2.6 2.60 2.60 2.59 2.59 | 0.84 

2: 2. 2. 2.65 2.64 2.64 2.64 | 0.85 

De a. 2, 2.69 2.69 2.68 2.68 | 0.86 

De oe 2. 2.74 2.74 2.73 2.73 Hh 0.87 

a 2, 2. 278 2.78 Dee 2.77 “WN Of8s 

2. os 2 2.83 | 2.838 2.82) S2Soe 0S 
02900 | 87002 [1 2593mr 2500 2 Se It D.88 il ae Orca 
Orole | ase >: mn oye 2.92 2.92 ole vrorol 
0.920) 53. oe 2 2 2.97 2.96 2.96 | 0.92 
0198. as. 3. 3.0: 3 3.02 3.01 3.01 i 0208 
0:94 |\ 33: 3. 3 3 3.07 3.06 3.05 | 0.94 
OLOn mee? 3. ZY 3 3.11 34 3.10 | 0.95 
0.96 | 3. 3.2! 3. S 3.16 3.16 3.15 | 0.96 
0.975). -2. 3. 3. 3 oe ok $.21 3.20 | 0.97 
0.98 | 38. By 3. 3 3.26 3.26 3.25 0298 
3090) | 3S. a 3). . Snok 3.31 3.30 | 0.99 
1.00 53.68 || 8 44=|"8.40 | 3.38" | Bi86 158086 WP San one 
Ts an 3. oy 3.43 orl 3M1 {3.40 [1.01 
i ay 3. 3 3.48 3.46 3.46 3.45 | 1.02 
ie 3; oe 2. 3.54 3.51 3.51 3.50 | 1.03 
1 ue 3. 3. 3.59 3.56 3.56 3.55 | 1.04 
1.05 137 3. 3) 3.64 3.61 3.61 3.60 | 1.05 
af : 3. 3. 3.69 3.66 3.66 3.65 | 1.06 
1 : 3. 3. 3.75 3.72 3.72 3.70 |. 1207 
1. : 3. a: 3.80 3.77 3.77 3.76 | 1.08 
i. : 3. 3. 3.85 3.82 S2g2 a8) 11 09 
L510 1"4.09 7] 78.08" |eo2 a} S.0L I Sher) Sere ee 86 == eee 
Api eae 4.03 3.98 3.96 3.93 3.93 3.92 | 2-11 
1.12 | 4.20 4.09 4.03 4.02 3.98 3.98 3.97 } Fe19 
1.13 | 4.26 4.15 4.09 4.07 403 4.03 4.02 | 1.13 
iT 4.32 4.20 4,14 4.13 4.09 4.09 4.08 | 1.14 
rf, 4.38 4.26 4.20 4.18 4.14 4.14 4.13 | 1.15 
le 4.44 4.32 4.25 4.24 4.20 4.19 4.18 | 1.16 
i 4.50 £87, 4.31 4.30 4.25 4.25 OB? 
ie 4.56 4.43 4.37 4.35 4.31 4.30 4°20 a1e1s 
Dy 4.62 4.49 4.42 4.41 4.36 4.36 A 35 isle 10 
1.20 [ 4.68 | 4.55 | 4.48 | 4.47 | 442 | 4.41 | 4.40 _]1.90 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


00984 V? 
Q= (0409 + ) E +0.55 LhV/ 2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=Z. 


on 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. 


p=25 Ft. | p=30 Ft. 


h amma | crue ca eae | ee a a |e h 

arse ous, ou Ft, ou Fe, our t. ou Ft. ou Ft, ou" Ft. eee 
per Sec. | per Sec. per Sec. | per Sec. | per Sec. per Sec. per Sec. 

81 45 45 45 2.45 2.45 2.45 2.45 0.81 

.82 .49 49 49 2.49 2.49 2.49 0.82 

.83 54 54 54 2.54 2.54 2.54 0.83 

.84 58 58 58 .08 2.58 2.58 0.84 

.85 63 63 63 2.63 2.63 0.85 

.86 67 67 

87 72 12 

88 76 76 

.89 81 81 

90 | 86 | 86 | 
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32.17 feet. 
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(p+h)? 
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Length of weir 


h. Height of weir=p. Discharge 


COMPUTED BY BAZIN’S FORMULA. 
(0405+: 


VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 
Observed head 


ISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 
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Q. g=32.17 feet. 


L. 


(p+h)? 


h. Height of weir=p. Discharge 


COMPUTED BY BAZIN’S FORMULA. 


VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
Observed head 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 
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32.17 feet. 


h. Height of weir=p. Discharge=Q. g= 


Observed head 
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Length of weir 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WZIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


.00984 ~h? = 
Q= | 0.405+ 1-+0.55———— | BR gh: 
h (p+h)? 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir = L. 


p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. . p=6Ft. | p=7 Ft. | p=8 Ft. 
in Feet Q Q Q Q Q Q Q in Poet. 
Cu. Ft. Cu. Ft. Cu, Ft. Cu. Ft. Cu. Ft. Cu. Ft. -) Cu. Ft. 
per Sec. per Sec, per Sec. per Sec. per Sec. per Sec. per Sec. 
2.01 10.67 10.20 9.95 Darts) 9.70 9.63 9.59 2.01 
2.02 10.75 10.28 10.02 9.87 OMG 9.70 9.66 | 2.02 
2.03 10.84 10.36 10.10 9.94 9.85 9.78 9.73 2.03 
2.04 10.93 10.44 10.18 10.02 9.92 9.85 | 9.81 2.04 
2.05 11.01 10.52 10.26 10.09 10.00 9.93 9.88 2.05 
2.06 11.10 10.60 10.34 TOW 10.07 10.01 9.95 2.06 
2.07 11.19 10.68 10.41 10.25 10.15 10.09 10.038 2.07 
2.08 127 10.76 10.49 10.32 10.22 10.16 10.10 2.08 
2.09 11.36 10.85 10.57 10.40 10.30 10.24 10.27 | 2-09 
2.10 | 11.45 | 10.93 10.65 | 10.48 | 10.387 10.31 | 10.25 2.10 
Fil Ties P01) 10.73 Te tot6 | 10:45 W 10c39" | orsz al oan 
22 11.62 LO 10.81 10.63 10.53 10.46 10.39 ne, 
ie lies ik al 11.18 10.89 10.71 10.60 10.54 10.47 2.13 
2.14 11.80 1Se26; 10.97 10.79 10.68 10.61 10.54 2.14 
2.15 11.88 TAS: 11.05 10.87 10.76 10.69 10.62 Deals 
2.16 11.97 11.438 11.18 10.95 | 10.838 10.76 10.69 2216 
Pa ell @t 12.06 11.51 Il seal 11.03 10.91 10.84 LOM 7 217 
2.18 12.15 11.60 11.29 it a 10.99 10.91 10.84 2.18 
Pasko) 12.24 11.68 11.39 ELS 11.07 10.98 10.92 2.19 
220) 12.34 Were 11.46 127 ee 11.06 10.99 | 2.20 
2.21 12.43 11.85 11.54 11.35 122 HS i es at Oye || iePAl 
2.22 1) 11.94 11.62 11.43 11.3 nay Al InAs 2-22 
2.23 12.61 12.02 11.70 11.51 11.38 11.29 11.22 Deo 
2.24 12.70 2s al 11.79 LASS 11.45 11 236 11.30 2.24 
2.20 12.79 12.20 11.87 LE Gi7i 11.53 11.44 11.38 PAS) 
2526 12.88 12.29 11.95 TE 7) 11.61 11.52 11.46 2.26 
Qe20 12.98 12.37 12.04 183 11.69 11.60 Hes Pt 
Das 13.06 12.46 12s 11.91 UL p/P 11.67 11.61 2.28 
2).29 srato | 12.55 {| 12.20 LOOM ULES Le 75 11.69 2.29 
P30} 13.24 12.64 12529 sie 12:07 | 11.93 | 11.88 | 11.77 | 220 | 
2.31 ieeoom lens 12.37 12.16 12.01 [ 11.90 11.84 2.31 
2.32 13.44 12.81 12.46 12.24 12.09 11.99 192 2.382 
2.33 13-538 12.90 12.54 D2332 12.17 12:07 12.00 2.33 
2.34 UBS Covas 12.99 12.638 12.40 | 12.26 L2ELS 12.08 2.34 
2.35 ee) 13.08 al 12.49 12.34 12528 12.16 2.35 
2.36 13.82 1}, Ale 12.80 12.57 12.42 1223 12.24 2.36 
2.30 13.91 13.26 12.89 12.65 12750 12.39 12.32 2.37 
2.88] 14.01 #1335 12:74 | 19558 | 19947 ‘de aos eeae 
_2.39 13.44 12.82 | 12.67 | 12.55 | 12.48 | 2.39 
2.40 14.20 13.53 | 13.15 | 12.91 | WAR 45) 12.64 | 12.56 | 2.40 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


h 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 


.00984 ? ate 
Q= { 0.405 + -——— } | 1+0.55-———_ | Lav 2h. 
I (p+h)? 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft. 


Q Q Q Q Q Q Q 
Cust. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft Cu. Ft. 
per Sec. | perSec. | per Sec. per Sec. per Sec. per Sec, per Sec. 


2.01 9.55 9.52 9.48 9.44 9.41 9.40 9°39 | 2.01 


2.02 | 9.62 | 9.59 | 9.55 | 9.51 | 9.48 | 9.47 | 9.46 | 2.02 
2.03 | 9.69 | 9.66 | 9.62 | 9.58 | 9.55 | 9.54 | 9.53 | 2.03 
2.08 We OLt7 |) 0073) | 9.69) \ 9.65. 1° 9).62" |) 9x61 |) “o6e) |) 2.704 
2.05 | 0284) 9:81 | 9.76 | 9.72 |) 9.69 | 9:68 | ~9.67 | 2.05 
2206 |) 29.90 |) 0.88) | 9.84 | 9.79 | 99.76 | 9°75 | 9274 12.06 
2:07 ie 999 9.95) 29201 | 99.87 | 9.84 || 9.82 | 9.81 | 2.07 
2.08 | 10.06 ; 10.03 | 9.98 | 9.94 | 9.91 | 9.89 | 9.88 | 2.08 
2.09 | 10.13 | 10.10 | 10.05 | 10.01 | 9.98 | 9.96 | 9.95 | 2.09 
2 10N|MOR2I 1017 | Wors | 10.08 |) 10.05 4-10.08 |) 10102 12 40 
2-U1 1 10).28 140525 1020-75 10515 710.12 jf 10.10, | 10.09 F215 
2.12 | 10.36 | 10.32 | 10:27 | 10.23 | 10.20-] 10.17 | 10.16 | 2.12 
2-43) | 1054377 10-39 1-10.35" | 10130 | 10.27 | 710.25 |) 10.24 (2.18 
2-44) | 10:50 || 10:47-| 10.42 | 10.37 | 10534 | 10.82 || 10.31 | 2.14 
2.15 | 10.58 | 10.54 | 10.49 | 10.44 | 10 41 | 10.39 | 10.38 | 2.15 
2.16 | 10.65 | 10.61 | 10.57 | 10.51 | 10.48 | 10.46 | 10.45 | 2.16 
2.17 110.73 | 10°69 || 10.64 | 110,59 |10.56 | 10.54 | 10.53 | 2.17 
2.18 | 10.80 | 10.76 | 10.71 | 10.66 -/ 10.63 |' 10.61 | 10.60 | 2.18 
2. ; 10.73 10.67 | 2.19 
2.20 | 10.95 | 10.91 | 10.86 | 10.81 | 10.78 | 10.76 | 10.75 | 2.20 
2. 10.82 [ 2.21 
2. 10°89) | 2.22 
2. LOLO7e 2-28 
2. 11.04 | 2.24 
2. 11d) 1h 22.25 
2. 11219) 152.26 
2 11226 12:27 
2 11.33 | 2.28 
2. heels | 11.41 | 2.29 
2.071 | 11.66) 1161 |) 0P.85  etes2 | 149 | 48" 1 2.30 
siete) [10.749 (Wit .69y | 111263 9(N11.59y ell S70 | e11.56 |.2. 31 
oo) al .87 | 1182 | 11.77 | 11-70 | 11.67 611.64 | 11.63 | 2.32 
Doom) eledon | MttEOO | 61178411078 1) 1174 ie 2s 11.71) 129.38 
B49) 12202;)) 91108) ) 11,92) 11585 || 112829) 11-79 |) 1978 | 2.34 
2.35 | 12.10 | 12.06 | 12.00 | 11.93 | 11.90 | 11.87-| 11.86 | 2.35 
2.36 | 12.18 | 12.13 | 12.08 | 12.01 | 11.97 | 11.95 | 11.94 | 2.36 
2i30 (912.26 | 12.21 | 1245-1" 12.08_|| 12205 | 12102. 12:01: | 2.37 
2738) |) 1284) 12.29 112.23 |) 12016. | 1221s 12410) | 12509 2.38 
2 B00) lz Ags a We 8l ie 12524 )| 12.20) 812818 | 12817 |2.30 
2.4 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


Q= (0.105+ 


84 h 
) [20.6 
(p+h) 


12 
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2 


| ova. 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
___Length of weir=L. 


p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft. 
SS Le 
in weet! | a0 | Ga cre | cncea nt leCack ent moserenllgee tad] ecnen Melee a 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 
2.41 TPSON 1362) | 1Se235 |I2EOON 2 es3 21) AP |) Sel 
Ax || Tee Ay || Wer |) TG Bj) alee OS | le el TOY |) AB |e) 
By ey || ai ZO) |) BE Sa || TRG) 1) USGI UBC |) eS || AL) aie 
2.44 VANS OPI Se OOM el Se4 OM eel om25n| melon OS mele O7 12.88 | 2.44 
ORAS ala 69 TZROOMMISeOS al metotss moo 13ROD) |PAUZROG ROS 
2.46 14.78 14.08 13.66 13.42 13.25 13.13 13.05 | 2:46 
QnA 14.88 14.18 USS 7A 13250 13.34 US 2 LS elma ececed, 
DIS || Wes | Teh Ope || IBS | Be) | UB |) 1S st) || il | ee 
2.49 | 15.08 | 14236. | 18292*| 13.67. | 13°51_ | 93.88") 13529) | 2249 
9.50 | looty |) 14.45. |) 14.03 - | 713-76" | 13.69") A347 Sl e888 50 
Dis Vl is. | WS |) Te IBIAS | Sail 
P25) 1165). 339/ 14.64 14.20 BE || Due 
Oh iss || 1417 14.73 | 14:29 UB GH || D533 
2.54 RD eS melas TE 7AL {| Gee 
Ph tS 15.67 14.92 14.47 13.79 OO 
5} oni 15.01 14.56 TSEST ea eoo 
DOs 15.86 15.10 14.65 DS Oey |i Saay7/ 
2.58 5.06 | iss) {| ah 7 TEE OR || Oe 
2.59 | 16.06 | 15.29 | 14.83 Ae 59 
2.60 16.16 | 15.88 | 14.92 | 14.20 | 2.60 
DBL GE26M le ae ROU 145987 G1 
DA | UGB || TS |p se. 14.86 | 2.62 
2.63 | 16.46 | 15.66 | 15.19 14.45 | 2.63 
2.64 IG}. e576 Loe o 15.28 14.53 | 2.64 
Pies \) ASG e || assis |) iss 87 14.62 | 2.65 
2.66 16.77 15.95 | 15.46 14.70 | 2.66 
DB 16.87 TGROS mos Do: 1479 NP Qn67 
2.68 16.98 16.10 | 15.64 eae 2.68 
DECOM lcnOSim me lomed: | eee ; 14.96 | 2.69 
PO Velisis | 16ceh | 15,837) doch2. eta ol, | dood sto Oa en ZO 
Oil 17.28 16842 8) 5202 > eGlee ton OM bao. WSN. | O77 
D AD 17-89 | 16,53 16.02 | 15.70 | 15.749 15.32 15 222)9 2072 
2.73 | 17249 || 1668 |) 16 sLTI-s05.79 | M5258) 6 4d | 915380 eee 
2.74. 17.60 Were ME NUS | Say 15.50 LS |) D4 
D7 17270 1 6782 1 16c8 15.98 | 15.76 | 15.59 | 15.48 | 2.75 
2.76 ie Sul 16.92 | 16.40 || 16.07 | 15.85 | 15.68 15.56 62-76 
Pete 17.91 17.02 16.50 16.16 15.94 15S, 702 15565) 4) era 
2.78 18.02 ? 16.25 16.03 15.86 P5a4 | Oe7S8 
2.79 15.95 1165, 2.79 
16.04 | 2.80 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 
00984 hee 
“= (0.105 ae ) 1+9.55 Lh 2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 


. p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft. | 
Pe ES | a oak i ‘s nie h 

a CuFt. curt. | CuFt. curt. CuFt. CuFt. curt. eae 

Per Sec. | PerSec. | Per Sec. | Per Sec. | Per Sec. | Per Sec. | Per Sec. 

2.41 12.58 12.53 W254 12.40 12.36 2Roe: 12.32 2.41 
2.42 12.66 12.63 12 OO 12.48 12.44 12.41 12.39 2.42 
2.43 12.74 12270 T2563 12.56 L252 12.48 12.47 2.43 
2.44 12.82 12-78 12.70 12.63 12.60 12.56 12.55 2.44 
2.45 12.90 12.86 12.78 12.72 12.67 12.63 12.63 2.45 
2.46 12.98 12.94 12.86 12.79 Ws rill URL 2.46 
2.47 13.07 13.02 12.94 12.87 12283 12.79 12.78 2.47 
2.48 UB 351 (55 13.10 13.02 12.95 12.90 12.87 12.86 2.48 
2.49 1B 283 13 aks Uo LO 13-02 12.98 127795 12.94 2.49 

_ 2.50 (Miss Se6n MS rise | Eiss0 | 13.08. f- W8.03 || vs.O) | 2.50_ 
7) Sil 13.39 13.34 WSie20- 13.18 13.14 esenlelt 13.09 2.51 
Door 13.47 13.42 13.35 13 .26 13.22 13.19 sy_.0¢ DIS, 
PITS 13.56 13.50 13.43 13.34 13.30 13.26 13.25 2aOS 
2.54 13.64 13.58 Ie ylh 13.41 13.38 13.34 13.33 2.54 
PLND E302 13.66 13.59 13.49 13.45 13 .42 13.41 2.59 
2.56 13.80 13.74 13.67 loned 13.53 113) 3500) 13.49 2.56 
Zou 13.88 13.83 Saco 13.65 L360 13.58 13.56 2.00 
D2. Se3 13.97 13.91 13.83 13.74 13.69 13.66 13.64 2.58 
2.59 14.05 13.99 13.91 13.82 Ws 02 Issn! 13e 72 2.59 
2.60 | 14.13 | 14.07 13299) | 13.90) |) 13885 7 || W3ks2 > 13) S80 (2260 
2-61 14.21 14.16 14.08 13.99 13.93 13.90 13.88 2.61 
2.62 14.29 14.25 14.15 14.07 14.01 13.98 13.96 2.62 
2.63 14.37 14.34 14.24 14.15 14.09 14.06 14.04 2.63 
2.64 14.45 14.42 14.32 14.23 14.17 14.14 14.12 2.64 
2.65 14.54 14.50 14.40 14.32 14.25 14 .22 14.20 2.65 
2.66 14.63 14.59 14.49 14.41 14.33 14.30 14.28 2.66 
DROw 14.71 14.68 14.57 14.49 14.41 14.38 14.36 2.67 
2.68 14.79 14.76 14.65 14.57 14.49 14.46 14.44 2.68 
2.69 14.88 14.84 14.73 14.65 14.57 14.54 14.52 2.69 
2.70 | 14.96 | 14.92 | 14.82 | 14.738 | 14.65 } 14.61 | 14.60 | 2.70 
etah 15.05 15-02 14.90 14.82 14.73 14.69 14.68 Pella) 
2.12 15.13 15.09 14.99 14.90 14.84 14.77 14.76 ree 
PAHS 15.21 1055 ile 15.08 14.98 14.89 14.85 14.85 2.73 
2.44. 15.29 15.26 15.16 15.06 14.98 14.94 14.92 2.74 
PASS) 15.38 15.34 15.24 15.14 15.06 15.02 15.00 PS 
2.76 15.47 15.48 11/5) ches 15.22 15.14 15.10 15.08 2.76 
Wtle 15.56 15.51 15.40 15.30 15) 2474 15.18 1, 17 Qe 
2.78 15.65 15709 15.49 15.38 1D Bill 15.27 L5e25 2elS 
2.79 15.74 15.68 15.58 15.46 15.40 15236 15.34 | 2.79 
2.80 | 15.83 | 15.76 | 15.66 | 15.54 | 15.48 | 15.44 | 15.42 | 2.80 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS, 


COMPUTED BY BAZIN’S FORMULA. 


Q= (0405. 


00984 


h 
1+0.55— 
Iss 


2 


2 


P 0) 


Lh 2gh. 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 


p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft. 
iM - a ee h 
tee curt, on Ft, curt. curt, CuFt. ou Ft, Gene aoe 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 

2.81 18.33 17.42 16.88 16.53 16.30 16.12 16.00 
2.82 18.44 17.52 16.98 16.62 16.39 16.21 16.08 
2.83 18.54 17.62 17.07 16.71 16.48 16.30 16.17 

84 18.65 WoT 17.17 16.80 16.57 16.39 16.26 

85 18.75 17 .82 17.27 16.89 16.66 16.48 16.35 

86 18.86 17.92 17.37 16.99 16.75 16.57 16.43 

87 18.97 18.02 17.47 17.08 16.84 16.66 16.52 

88 19.08 18.12 17.57 ibe Ute 16.93 16.75 16.61 

89 19.18 USh22 0 le Or IAS 17.02 16.84 16.70 

90 19.29 SRO 2a el inl | 17.36 ileal | 16.938 | 16.79 

91 19.40 | 18.43 | 17.86 17-45 17.20 17.02 | 16.88 

92 19.51 18.53 17.96 7655) 17.29 16.97 

93 19.62 18.63 18.06 17.65 17.39 17.06 

94 19.73 18.73 18.15 GOT aS 17.49 17.15 

95 19.83 18.83 18.25 17.84 17.59 

96 19.94 18.94 18.35 94 

97 20.05 19.04 18.45 

98 20.16 19. 14 

99 20.27 19 .: 

00 2ORSO NI MLOR: 

Ol 20.50 19. ‘ F 18.15 

02 20.61 19.57 18.94 18.52 18.25 

03 20.72 19.67 19.04 18.62 18 .34 

04 20.83 LOR id 19.14 Seal 18.44 

05 20.94 19.88 19.24 18.81 18.53 


WIWBWWWWNWWWWIWIWWWWWWWWHWIWINNNNNNNNNININNNNND 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


.00984 lee —- 
Q= (0.40544 1+0.55 Lh/2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. 9g =32.17 feet. 
Length of weir=L. 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. p=25 Ft. | p=80 Ft. 


h ae h 
in Feet. Q Q Q Q Q Q Q ia Feet 
Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. 
per Sec. per Sec, per Sec. per Sec. per Sec. per Sec, per Sec. 


SL Vet S 2917 15285) 1915.75 || 15.63 1915157 | 15.638 |) 15.60. |; 
<2 1 16-00 | 15.938 | 15.83 | 115.72) | 15.66 | 15.62 | 15.58 | 5 
S3 {16.09 | 16:02) | 15:92) | 15:80) | 15.74 | 16-70 | 18.67 
84 | 16.18 | 16.11 | 16.00 | 15.88 
15.97 
16.05 
16.13 
16 .22 
16.30 | 
16.38 
| 16.47 
16.56 
16.64 
16.72 
16.81 
16.89 


19209 sis 92 EIS 45 | Ise 78 1874 
[_ 19:19 || 19.02) | 18.93 | 18.87 | 18.83 | 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


.00984 h? —_ 
Q=(0.405+ 14+.0.55——— | Lhv/2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 


Length of weir=L. 


p=2 Ft. | p=3 Ft. | p=4 Ft | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=S Ft. 5 
h =I : 
Beets curt. CuFt, Cure ou” m | Gur ou Ft. ou Ft. was 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec per Sec. 
3.21-| 22.76" |. 21.59 |-20:87 | 20.41 -| 90.08 |" 19.84~) 19.685 Sn28 
3.22} £22. 88321270 |" 20807 F201 OL 18 ocean Ole alee 
3.23 >| 22.99 | 21.817 |=94607 | 20.61 (220.28 4) 20.04 | 49.877 Ss. 23 
3.24 1623.10 [621592 [Ve ots18 he 20e71 20838 | eons.) 19°97 es eot 
3.20: | -28.23° | -22303™| 21528 || -2OLSP 120-48 1120223 | 0-0 mina os 
3.26 | 23.35>|.22.14 | 21:38 | 20.91.) 20:58 | 90:83 | 90716 13-26 
3.27 | 23.47 | 22.295 | 21.49 | 21.01 | 20.68 | 20.42 | 20.26 | 3.97 
3-23 123258 | 22536 |) 21:59. |S 2119-90278" 120.52. 1. 20085. es 
3.29 | 23.69 | 22.47 | 21.69_| 21.22 | 20.88 | 20.62 | 20.45 | 3.29 
3.30 | 23.81 | 22.59 | 21.80 | 21.33 | 20.98 | 20.71 | 20.55 | 3.30 
78.81) [| 23°93 [22.70 [) 21.90 1021.43 e2t.08- 120.81 SonGbminenaan 
3.32 | 24,05 | 22.81 | 22.01 | 21.538r21.98 | “20701 |) 20°75" e802 
3.33 |) 24017 | 5221-9210 22.19 || 21-68 | 91.08 | “of ot 0 S51 se 
3.34 | 24228:-| 23203 |.092/93 |) Si s74 “| 91138. | Si-TT |) 99 o4) eae 
3.35 | 24.40 | 23.14 | 22.34 | 21.84 | 21.48 | 21.21 | 21.04 | 3.35 
3.36 | 24.52 | 23.26 | 22.45 | 21.94 | 21.58 | 21.31 | 21.13 | 3.36 
8.37) 24.64) || 23-37 | 22-56 | 22.04) S168 |) ol Zips Si osh |e 
8.98) (24-75: | (23648) 102267 | 2215 Ot 7s) |e otess, 0 oieso teenoe 
3.30 [1-24.86 | 23.59: || 22.78 1529.95) 191.88 | 21 61 4021.47) |es.c0 
3.40 | 24.98 | 23.70 | 22.89 | 22.36 | 21.99 | 21.72 | 21.52 | 3.40 
3:41 1 25.10°|-23.82 [23.00 | 22.47 [> od-00-ln01.82 |wol.er [aT 
8.42 | 25.22 |) 23°98 | 28.11 || 29.58 | 22.19 | S190 |) 91.41 |e ae 
3.43 | 25.34 | 24.04 | 23.22 | 22.69 | 22.29 | 22.02 | 21.80 | 3.43 
3.44 | 25.46 | 24215" |: :23.381592079' |'99.89) | ous) oT or (anaes 
3.45 | 25.58 | 24.26 | 23.44 | 22.89 | 22.49 | 22.92 | 21.99 | 3.45 
3.46] 25.70 | 24.37 | 23.55 | 23.00 | 22.60 | 22.32 | 22.09 | 3.46 
3.47 || 25,82, | 24.49 | 23.66) 193.11 | 23°70 |) ool49 |) So.1e |e la? 
3.48 | 25.94 | 24.60 | 23.77 | 23.92 | 22.80 | 22.52 | 22.98 | 3.48 
3.49 | 26.07 | 24.72 | 23.88 | 23.33 | 22.91 | 22.62 | 22.38 | 3.49 
3.50 | 26.20 | 24.83 | 24.00 | 23.43 | 23.01 | 22.73 | 22.48 | 3.50. 
3.51 | 26.31 | 24.95 | 24.10 | 23.54 | 23.19 | 22.83 | 29.58 13.51° 
3.52 | 26.43 | 25.07 | 24.21 | 23.64 | 93.22 | 22.93 | 99.69 | 3.59 
3.53 | 26.55 | 25:18 | 24.32 | 23.75 | 28.33 | 23.03 | 22.79 | 3.53 
3.54 | 26.66 | 25.29 | 24.43 | 23.85 | 23.44 | 23.13 | 99.90 | 3.54 
3.55 | 26.78 | 25.41 | 24.54 | 23.96 | 23.55 | 23.23 | 23.00 | 3.55 
3.56 | 26.90 | 25.52 | 24.65 | 24.07 | 23.65 | 23.33 | 93 10 2.56 
3.57 | 27.02 | 25.64 | 24.76 | 24.18 | 23.75 | 23.43 | 93.90 3.57 
3.58 | 27.15 | 25.76 | 24.87 | 24.29 | 23.85 | 93.54 | 23.30 3.58 
8 p27. 282 (625.87 Jl, O4.08 | 24.39 | 23.96 | 23.64 | 23.41 | 3.59 


60 | 27.41 | 25.99 |"25.09 | 24.49 ] 24.06 | 23-75] 93-59 13.60 
aaa aa a ne cn Pe hel ON 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA, 


Q= (0.06 ae 


84 h? — 
1 +055 | LhV 2gh. 
(p+h)? 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= ZL. 


. p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=380 Ft. 
P a as h 
a Curt. Ghee, on Ft, cu Ft, ou Ft. CuFt. ou Ft, ee 
per Sec. per Sec. per Sec per Sec. per Sec. per Sec. per Sec. 
So toot Wie 9e43 5) 819728 7) 1901 | 19002 |. 18,96) | 18.92. 3221 
3 OD | 19.68 | 19.89 | TO87 | 19.20 |) 1.1 |) Wes | 1.00 | S22 
9.92 | 19.78 | 10.61 | 1946 | 19.29 | AO1© | 118 | 1.09 | Bee 
BO | IDS | W370 || Ws | TO.88 | i). =e) oy |) MONS | Swe 
2.95 || 19.02 | 1-0 | 14 | 1949 | 1O.8/ | WO. | eee | B.2s 
3.08 20.02 || 189 | 1748 | O87 | 146 | 1.40 | iss | 8.28 
Oe ete (190080192832 | 1OnGG) | 19255.) 1940) 19,45. 53527, 
3.28 | 20.22 | 20.08 | 49°93 | 19.75 | 19.64 | 19.58 | 19.54 | 3.28 
BE 208 20st 20.17) 20202" 90084) 19.73 || 19.670 | 119.63" 3.29 
SeS0 0A 20 27a 20 21993) 1082 976 © | 19.73) 93-30 
SS | S00 | CO.88 | 2020 | 20.08 Io) TT Oe] 1.2] S81 
3.321 20.60 | 20.45 |-20-29-|— 20.12 | 20.00 1 19.93 | 19.91 | 3.32 
Seco 20870) 20255 1 20589) || 20221 | 20°09) 20.02) |) 20500) 23733 
334 | 20.79 | 20-64 | 20.48 | 20.80 | 20.18 | 20.12 | 20.09 | 3.34 
2 5 || 20.80 | 2074 |=20-53 | 28 | Boe | 202! | BOs | Bes 
S28 || DCO | Mes 20.67 | Oe || AO |) AO 2027 | Sse 
as7 || St 08 -| BOL | BO.77 |) 20.58 | 20.46. | 2O.20> | 20.86 |) S87 
3.38 | 21.18 | 21.04 | 20.86 | 20767 |'20.56 | 20.49 | 20.45 | 3.38 
Bo || Oi oy || Dit | BOCs | 2O7G-| SO.ex | Bole | Cres |i 
8.40) (22136 21 24) 2 06-=|-20.86._ | 20.75 | 20.68 | 20.63 | 3.40 
2112146 iss | 20d: 20795 120.85 +) 20 78L) 20.72 [3-41 
24D | DGB | Di4] | BEM | FOB | 20.02 | BOS | 20.81 | 84% 
SAR | Di RR | Dl6O | Diese | C1 | O08 | W.G8 | 20.90 | S48 
SPA Le Oe 760!) COVEG 2) ote 4s) | 921,245) 212 2007 ie 21008 Ie ar44 
Prete oleSGn | e272. ele se. | 21n384) 21621 eral: | 2iel0 83.45 
SAG MIO OGE | 2leS2. 1 21062. 2164389) 21281 121626" | 21220) 346 
S77 Ne ooenGe (2192) 1) 2172 21.58) | 21240) | 2185. 121530" 13247 
2 AS ler22216 | 922 102> | 21-82) | 212638 | 21.50 | 21.44 -- 21-40 | 3248 
3 490922027) 22712 | 21.91 |) 21.78.) 21-59) | 2153 | 21.50 | 3.49 
B50) (2238) (e222) |) 22700 21.83) 21.69. | 21-62) \e21.60) 173750 
Se | Day | al Pew | as Tass | aa | oes ee 
Ce Om eGo e4 1 OORTOn 22701 |e O1eS 75 |e 2l 80) |e OterGe | 13, 
reo a 99866) || 22eh 122228) | 22210 9) 21696 17 21789" | 21585 3). 
SA Don7 5 1 22260) | 22238) | 222519. | U22205 =| 21898 21.94 73. 
See 2ES5 | 62270) 22548 ol 622998) 92015) 22.07 22203" | 3). 
Oem OOP Ob= VoD 280) |O2E5S0 622.88 | 2220259 22) 16=| 22.12) 3: 
SBT ons | e201 62268) |) 22248.0) 29784) 990796. 22.21 13. 
SERS Osea) 2aeOl 22-760 | 228572) 2.43 122-85 1 22.30, | 3. 
3.59 | 23 25] -23.10 | 22.88 | 22.66 | 22.52 | 22.44 | 22.89 | 3.5: 
3.60 | 23.34 | 23.20 | 22.99 | 22.75 | 22.62 | 22.53 | 22.48 {3.60 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 
[ova 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 


Ete 


Q= (0.10 ae 


00984 


EE ge 
1+0.55———— 
(p+h 


(p+h)? 


2 


p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft 
in Feet. Q Q Q Q ? Q Q in feet, 

Cu kit. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft 

per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec. | per Sec 
3261 4) 27758) |) 267R1 125 20 7) 24°60 Tl 94 St7 ths" S6all 23 62a Sree 
3,62 4° 27 652) “26.23 | 2538 ||! 24771. 1) 24228. | 2s 596: ||| 98-92 7) bene 
368-0 27.77) 1926.35 VW2SuA2. 124582 012488 182407 Wl De cae es 
3.64 1-27.89. | 26.46 | 25.58. | 24.03 7) ~S4°49 | Soa ay | 93793 al ag 
3.65 | 28.02: || 26258y1 125.64 | 925.04 | 524.600 94.97 4046s ae Gs 
3.66) ) 28° 150) 226.70 || 25-76. || 25515 " 2471" | eo4aess | so4e al esa 
3167 |) 28.27 || 26582. | "25287" 25-26 vi 24°82) 94.48" | “og ona akaz 
3.68 |28.39 | 26.94. | 25:99 |" 25.37 4 24°92") 405g | Poss regs 
3.69 |. 28.52 | 27.06 |. 26510.) 25-48-1225 03 «| 24270 #9246 | eno 
3-70 |=28 64> | 27.17 | 26.22 | 25 S90, 25 14 | e480 ain oa hens mn 
Stl |) 28570 C2729 96.83 O25 70 a 25 25 Oe Omelet aera 
3.72 | 28.90 || 27.41 | 26.45 | 25-81 1-25.35. | 25.01 | 24.78 1 372 
Si73. |) 29.03 14.527.58. 1) 26.57 | 25.021) 95 46 | oy ttl a4 een ere 
3.74 | 29.16 | 27:65 1 26.68 | 26.04. | 25.57 | 25-92 | Seog 1 see 
3:75. 12929 227.77 | 26.79") 96.15 125268) bos Beh] Poe tie nl sae 
3.76 | 29.42 | 27,90 | 26.90 | 26.26 | 25.79 |) 25.48 | Ob 1s | sve 
3:77). 29.65 |=28.02° | 27.02 | 26.37") 25789] 25 Sari S859) | Soa 
3.78 | 29.68 | 28.14 | 27.14 | 26.48 | 26.00 | 25.64 | 25.39 | 3.78 
4.79" | :29.81 | 28.26 | 27.26 |~26.50-) 26:11 | 25.75—1- 23-50 1 3279 
3.80-| 29.94 | 28.38 | 27.38 | 26.70 | 26,22 |. 25.87 | 25.60 | 3.80 
3.81 | 30:07 | 28.50 | 27.49 | 26.82 | 26.88 | 25-07 | 95971 i881 
3.82 | 30.19 | 28.62 | 27.60 | 26.93 | 26.44 | 26.07 | 25.82 | 3.89 
3.83 | 30.382 | 28.74 | 27.72 | 27.04 | 26.55 | 26.17 | 25.92 | 3.93 
3.84 | 30.44 | 28.86 | 27.84 | 27.15 | 26.67 | 26.27 | 26.02 | 3.84 
B.8D |) 30.57 || 428.08 | 27 .95-) 27.2671. 2627 26.38 | 26.13 | 3.85 
3.86 | 30.70 | 29.11 | 28.07 | 27.38 | 26.89 | 26.49 | 26.93 | 3.86 
3.87 | 30.82 | 29.23 | 28.18 | 27.50 | 27.00 | 26.60 | 26.34 | 3.87 
3.88 | 30.95 | 29.385 | 28.30 | 27.62 | 27.11 | 26-71 | 26-44 | 3 se 
3.89) | 31.08" | 29/48 | 28:42 | 27.73 | 27.20°| 96:82-1~o6 55 [8 80 
3.00 | 31521 | 29.60 [ 28:58 | 27584. 97.8891 26.08 | "26.65 | 3.90 
3.91 | 31.34 | 29.73 | 28.65 | 27.95 | 27.44 | 27.08 | 26.76 13.91 
3.92 | 31:47 | 29:85 | 28.77 | 28.06 | 27.55 | 27.14 | 26.86 | 3.92 
3.93 | 31.60 | 29.97 | 28.89 | 28.17 | 27.66 | 27.25 | 26.97 | 3.93 
3.94 | 31.73 | 30.10 | 29.01 | 28:28 | 27,77 | 27.86 | ozs. | s.9o4 
3.95 | 31.86 | 30.22 | 29.13 | 28.40 | 27.88 | 27.47 | 27.19 | 3.95 
3.96 | 31.99 | 30.34 | 29.25 | 28.51 | 27.99 | 27.59 | 27.30 | 3.96 
3.97 | 32.12 | 30.46 | 29.38 | 28.63 | 28.10 | 27.70 | 27.41 | 3:97 
3.98 | 32.26 | 30.59 | 29.50 | 28.75 | 28.21 | 27.82 | 27.52 | 3.98 
3.99 | 32.40 | 30.71 | 29.62 | 28.87 | 28.33 | 27.93 | 27.63 | 3.99 

4.00 | 32.54 | 30.84 | 29.74 | 28.99 | 28.45 | 28.05 | 27.74 | 4.00 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 
COMPUTED BY BAZIN’S FORMULA. 

00984 H? a 
Q= (0.1054 ) [+055] Liv 2gh. 
h (p+h)? 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= L. 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. p=25 Ft. | p=30 Ft. 
in hee Q Q Q Q Q Q Q ion 

Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. 

per Sec. | per Sec per Sec per Sec. per Sec. | per Sec. | per Sec. 
3.61 23.45 23 .30 23 .08 22.85 PPL 22.63 Z2eIS ono 
3.62 235709 23 .40 Bye MCF 22.95 22.82 22.02 22,680 | 3n62 
S05 23 .65 23.50 23.26 23.05 22.91 22.81 22.78 | 3.63 
3.64 PSUS 23.60 23 .36 23.115 23.01 22.91 22.88 | 3.64 
3.65 23 .85 23.70 23 .46 23 . 24 23.10 23.01 22.97 | 3.65 
3.66 23.95 23.80 23.56 23 .34 23.20 23.11 23.06 | 3.66 
3.67 24.05 23.90 23.65 23.44 23.30 23 .20 23.15 | 3.67 
3.68 24.15 24.00 2310 23.03 23 .40 23 .29 23.24 | 3.68 
3.69 24.25 24.10 23.85 23 .63 23.49 23 .38 23.34 | 3.69 
3.10 24.35 24 .20 23.95 W318 23.59 23.48 | 23.43 | 3.70 
Seal 24.45 24 .30 24.05 23 .83 23 .68 23 .58 Poa) || Boil 
See 24.55 24.40 24.15 23.92 23.78 23.67 23.63 | 3.72 
Doe 24.65 24.50 24.25 24 .02 23°87 23177 Poth] \\ ree 
3.74 2475 24.60 24.35 24.12 23.96 23.86 PES ev) || Bot 
Sele 24.86 24.70 24 .46 24 .22 24 .06 23.95 PRIGON, || Bia) 
Sane 24 .96 24.81 24.57 24 .32 24.16 24.05 24.00 | 3.76 
Buse 25 .07 24.92 24 .67 24.41 24 .26 24.15 24.09 | 3.77 
Bo lke Sy sll 25 .02 24.78 24.51 24 .36 24.25 24.19 | 3.78 
3.79 25.28 Da l2 24.88 24.61 24.46 24 .35 24.29 | 3.79 
3.80 25 .39 25 23 24 .99 24.71 24.56 24.45 | 24.39 | 3.80 
3.81 25.49 25.38 25.09 24.81 24.65 24.55 24.48 | 3.81 
3.82 25 .59 25.43 25.19 DAT OO 24275 24 .64 24.57 | 3.82 
3.83 25.69 25.53 25.29 25 .00 24.85 24.74 24.66 | 3.83 
3.84 25.79 25 .63 25.39 25.10 24.95 24.84 24.76 | 3.84 
3.85 25.90 25.13 25.49 25.20 ZonOo 24 .93 24.85 | 3.85 
3.86 26.01 25 .84 25.59 25.30 Za.14 25.03 24.95 | 3.86 
3.87 26.12 25.94 25.70 25.40 25.24 25.12 25.05 | 3.87 
3.88 26 .22 26.05 25.80 DOWOO) 25 .34 29.22 Zon LOW | 3.88 
3.89 26 .32 26R1S 25 .90 25 .60 25043 25).32, 25.24 | 3.89 
3.90 26.48 | 26.26 | 26.01 21D) || BSS) | PZ | eaee | 3.90 
3.9L 26 .53 26 .36 26.11 25.80 25.63 PASS (5) 25.43 | 3.91 
Boe 26 .64 26.47 26-21 25.90 25.73 25.61 25,03 | 3.92 
3.93 26.74 26.57 26.31 26 .00 25 .84 Doma 25.63 | 3.93 
3.94 26 .85 26 .67 26.42 26.10 25 .94 25.81 2018 | 3.94 
3.95 26 .96 26.78 26 .52 26 .20 26 .04 20.91 20.83 | 3.95 
3.96 PAY SOU 26 .89 26.63 26 .30 26.14 26.01 25.93 | 3.96 
3.97 27.18 26 .99 26.74 26.40 26 .24 26.11 26.04 | 3.97 
3.98 27 .29 De WO 26 .84 26 .50 26 .34 26 .22 26.14 | 3.98 
3.99 27 .40 Dil Pah 26 .94 26 .60 26 .44 26 .32 26.25 | 3.99 
AO (27 || CC | 2s Zar eee 2 [Se ra0w 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


.00984 h? = 
Q= (| 0.405 + ——— }] 1+0.55-+ LhV 29h. 
h (p+h)? 


Observed head=h. Height of weir=p. Discharge=Q. g=382.17 feet. 
Length of weir=L. 


p=2Ft. | p=3 Ft. | p=4Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft. 


in Feet. Q Q QQ Q Q Q in Feet. 
bn Beet) eee. lea pe || CG Res liGa Fe | cee -eeami@n ne mccain 


per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 


O19) 82567" i 30297" 1529286.) 2O0 a) eros a 28 tenes 
102 1932804. 31-10. | 295987 29.02 28566 1) 28527 27295 
03>) 32:93° | 31-23") 80-40" ||) 20.34°1.28.78 | 28788 41 28206 
104 | 33.06 | 31.35 | 30.22 | 29.457) 28.89 | -28.49 | 28217 
.05 | 33.19 | 31.48] 80.34 | 29.57 | 29.01 | 28.60 | 28.28 
06 | 83.33 |.31.61 | 30.46 | 29.68”"| 29.13 1) 28472 | e739 
107 | 33:46 | 31-74 | 30.58 |) 29-80 | 129-24 128.837) 28 50 
08 | 83.59 | 31.87 | 30.70 | 29.92 4 29:36 | 28.95 | 28.61 
09. | 33.72 |) 31.99 .| 30-83.) 30.04) 529 48 4) 929"06 aI 8272 
10. 33 S54, S212 (830.95) | S0515 T 29.59 DOT Wess 
ad V1 B8e09 Wf 82°25. Ir S108 Ose yn Socal oo oe) 1 Mecod 
12 | 34.13 | 32.38 }) 31.20) 30.38-1.29.88 | 2074041 29.05 
13 || (34,26: {| (32.50 1) 31.32 |) 30.50 |) 297904.) (29:51 |) 320216 
14 | 34.39 | 32.63 | 31.45 | 30.62 | 30.05 | 29.62 | 29.28 
13 | 34.52 |.32.75 | 31.57 | 30.74} 80.17 | 29:74) 2940 
16 | 784,66 | 32.88 | 31.69 | 30.86 1) =80.29 j) 29,85.) 20251 
17 | 34.80 |. 33.00 | 31.82 | 80.98 | 30.40 | 29.96 29.62 
18 1 34.94 || 23.13 131,94 | 81-10.) 80552 |) 30106) 1) 2oe72 
19 |.35.08 | 33.26 |..32.06 | 31.22 | 80.63 | -30.18-) 20.85 
35,22«| 83,80 | 32.18 [\81.25: [30.75 | 30.80) 20.9068) 
irl 85.86 33.020] 82.00 \ 81.47 > S0.ereno 4 enOnoe 
.22 | 35.49 | 33.65 | 82.48 -) 31.59 | 80.99 | 30.52 | 30.18 

31 

31 

31 

32 


23 35.63 | 33.78 | 32.55 3 80.29 
24 35.76 | 33.91 32.67 74 30.41 
5 
2 


<I 
i 
ise) 
— 
De 
CD 
(JS) 
(=) 
~I D> 


.25 35.90 | 34.04 32.79 30.52 


oO 
Or 
w 
par 
oO 
on 
ioe) 
=) 
ce 


26 | 36.04 | 34.17 | 32.92 07 | 31.47 | 30.92 | 30.64 26 
O71) 36.18 ul 84:80 10.83204 at Go.10l 81 bs ale ots es0c76 27 
98° 86,31.) 84.48 | (83.17 9} 82.81 1 S1-70 al od) eo0.ss 28 
29 | 36.45 | 34.56 | 33.30 | 32.43 | 31.81 | 31.31 | 30.99 29 
80.1) 86.09, | 4.08 | 0.48 | S2.5d lool Oanleel oe Clnt0 30 
81, 86.73 | 84281. 8.05. | oder incD Otm ealeet ime iroS 31 
B2. | 36.87 | 34.95.) 33.68" | 32:70 | Boa16 ll) Si se5—) eeiecs 32 
83 |) 87301 | 85:08 || S8x81_| "82.01 || ep 7o7 Hier siesies 33 
84.1 87216 | “85e22 || 88198: || 83.1081) 82088 WSL SO) eo is56 34 
85 || 37.28 | 35.35 | 84.06 | 8815 || 32.50%) -So/0L || Sime 35 
136 | 87748 | 36:49 | 84.19 | 88598 1 Bo 168 4) “32813 4) wena 36 
187.) 87-57 ||) 85 262. | 84781 88 40.) eaaere| oo soba er elese 37 
aS eS7a7 | Bbs7b: | io4e4d | sear oemlmae 38 


FE ise Gea elf Fee eR Ue See cd ee ere err amar grey oe eee eee 
ga ieee oan Boge - 
=) 


2.88 | 32.37 | 32.00 
.39 | 37.85 | 35.88 | 34.57 | 33.65 | 38.00 | 32.49 | 
4.40 | 37.99 | 36.01 | 34.70 | 33.78 | 33.12 | 32.62 | 32.24 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


O= (0.10 ar 


Observed head =h. 


v 


gee 


h? a 
p>—_—_— | LAN 2gh. 
(p+h)? 


Height of weir=p. Discharge=Q. g=382.17 feet. 
Length of weir = L. 


p=9 bts | p—10 Ft. | o—12 Ft. | p—16 Ft, | p—20 Ft. |p—25 Ft. | p—30 Et. 
in Poet <Q Q Q Q Q Q Q in eee 

Cusine. Wuseist: Cu. Ft. Cu. Ft. Cut. Cus kts Cu, Ft. 

per See. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 
TOL We oreo leniee 7242 e275 126082 1926.65. | 26.52 1126044 18401 
AAO2) Qh Tle eer aO2) We27ye2o |) 2609291) 26-75. | 26.62) | 26554 174.02 
AOS0| BOTS 2t-GS) 27286) 1) 227402 126.85. 126272) 12664 3174-03 
A042 02 27 TS e462 72 |) 26295226 82) 1 26.73) |"4.04 
A205 WP Oee0s) [27-84 | 2756) 1627222) 127.02 | 26-92 | 2683" || 4.05 
ANG feel 14. V 27-95) 27.67) 27588 | 027.14 | 27.02) | 26293 | 4.06 
207 2S 25 028.05 VOT AT) 27048) | 927024. 27512) 27.03 164.07 
AOS ese) |e 285lG | eZ7eSS azide 1627.85 | 827222" | 227513) 14.08 
4.09 | 28.46 | 28.26 | 27.99 | 27.63 | 27.45 | 27.32 | 27.23 | 4.09 
AMO) oS tsT le csco) | eos On eer a 127055 (B27 Ee 7e38 40 
4 iit Se Sanl 0 28647 28820 7285) 927263 nl ee7 62) leei4e (eat 
Bele 879 PSS elle s8251 I 27C96 |) reroll 27.68) 2754) PA? 
2513916 28-900) | 628769. 128-41) 28.06) 12786) 927273) 27.64 418 
AAAS DORON aS eSOne ere | F28ai7) | 27506 127 83 SOT 74 a4 
Aap er On 12 E2880? 1 ese63)) | 28227 | 28.07 (27293) | 27884 4015 
ANG: 129024 | 29203 | "28-74" 1928.37 128717 | -28:04—|827.04 | 46 
Aa 20s Ve Orie a 28 84.) 928 48 28-97, 128145 28805 417 
As 0e46 120025 128.95. 28758 If 28.87 |} 28.24) | sris Maas 
4.19 | 29.57 | 29.36 | 29.05 | 28.68 | 28.48 | 28.34 | 28.25 | 4.19 
A201 9 29260 929248 | 29.17] 2807708 | 28759" | 28745" | 28736-1420 
APY 1629780" 129759 1 29128 28.89 TP 869n eS 55h) 28146" 11421 
Ae 2OrO1 129270) 12988 1. 207100. || 228279! || 25.65 ||! 28 756. 402 
AOS ME SORO2 | 520.811 29e49 | 20a11 1 28es0) | 28775 1528566. |74203 
294-3018 | 29-02 |29759 | 29522 | 28.99 | 28°85 7 28.76 | 4124 
4.25 | 30.24 | 30.03 | 29.70 | 29.38 | 29.10 | 28.96 | 28.86 | 4.25 
2G S035 |) 30014 | 1 29).81 | 20243 | 20520 | 29.07 | 28796. 14226 
AnO7 NO 30846) 80.25 || 2992) | 120753 | 29531 | 25:17 | 29.06 1-407 
Ae OSE an57. | 830286 1) 30102 | e20NGd 9192974291 20027 =1 220516. | 428 
e201 \ 30068 6 S0047 | S0lT3 |) 20174 129.526 99237 129.07. | 4:20 
430 |) 80879) 30.58) | 30.22 | 920585 29562) | 29748) | 29787 7 4.30 
4,31 | 30.91 | 30.69 | 30.35 ‘ 4.31 
4.32 | 31.08 | 30.80 | “30.46 4.32 
Ayeeesia14) (630091 130556 4.33 
Le Buh | Sil a 1 SLOP a eye 4 34 
Aisha (eslesé) | 3.141 380278 4.35 
4.36 | 31.48-| 31.26 | 30.89 4.26 
E37 eee oleae isl -00 4.37 
2c) les ie7On |e olets sl eotenl 4.38 
4.39 | 31.82 | 31 59 | 32 4.39 
BA 40) (9S. OFen e170) | Vat 34 [4.40 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


Q= (0.05 aE 


<=) le 
1+0.55 
h (p+h)? 


| Lh 2gh. 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= LZ. 


= 2G p= Sel tank Gan| OE — Onl. —=t7 aE te 
h I. : 
Te ure | eure, | Gace: le Oe cee shiek aap al ence acy nea 
per Sec. per Sec, per Sec. per Sec. per Sec. per Sec. per Sec. 
CRN | StStoilss |p Stacey |] Ge oeeey || BESO) a) SES OAR |b By ay || Shy ses || al atl 
Aug Mh atsh ee AP SY os || SHE Ge | SHeps || SBP ays || Spatyl || Se ayy) || AL“ 
4°43 | (38241 | 36.41 || =35.08 | 34714 | 33248 |/932296.9| 32257 | 4.43 
eV lh SI Bose |) Steel I Gee oa) SRO) |) SRS || Spey <\|- eee! 
4.45 | 38.69 | 36.68 | 35.34 | 34.39 | 33.72 | 33.20 | 32.80 | 4.45 
4.46 38 .83 36.81 35.47 34.52 33 .84 33.32 32.92 | 4.46 
4.47 | 38.98 | 36.94 | 35.60 | 34.64 | 33.96 | 33.43 | 38.04 | 4.47 
AAS 391237208) | Sok i2.0| eo4e76mO4 OS moor tale meee s 
13 39.26 | 37.22 | 35.85 i 34.88 | 34.21 | 33.66 | 33.27 | 4.49 
4.50 | 39.40 | 37.36 | 35.98 | 35.01 | 34.33 | 33.77 | 33.39 } 4.50 
Zk [4 .14 34.46 33.89 33.50 | 4.51 
4.52 26 bores 34.01 Sono 2S 
4.53 439) || 84270" | S414 | 833074. e453 
4.54 BO) | 34082 934226 wi lsse sour letaad 
4.55 64 | 34.94 | 34.38 | 33.98 | 4.55 
4.56 78 | 85.06 | 34.51 34.10 | 4.56 
4.57 A | eta) || Beas eyoe | al ey 
4.58 04 | 35.31 34.75 | 34.34 | 4.58 
4.59 17 | 35.43 | 34.88 | 34.46 | 4.59 
4.60 .29 | 35.56 | 35.01 | 34.58 | 4.60 
4.61 42 35.69 35.138 34.69 | 4.61 
4.62 oy || sian |) SiR || SVE MSH |) Zl 
4.63 687735595. 9) 8352374 eo4eO2 lees 
4.64 80 | 36.07 | 35.49 | 35.04 | 4.64 
4.65 93s | oOmIO Mm manson 35.16 | 4.65 
4.66 : : (0G) 986532 “shea eebegs ane 
4.67 | 41.85 | 39.68 | 38.22 | 37.19 | 36.44 | 35.85 | 35.39 | 4.67 
4.68 | 42,00 | 39.82 | 38.36 | 37.82 | 36.57 | 85.97 | 35.51 | 4.68 
4.69 | 42.14 | 39.95 | 38.49 | 37.45 | 36.69 | 36.09 | 35.63 | 4.69 
_4.70 | 42.29 | 40.08 | 38.62 | 37.58 | 36.82 | 86.21 ] 35.75 | 4.70 
4.71 | 42.44 | 40.22 | 88.76 | 87°71 |~86.05 | 96.34.1 35.80 A AL 
4.72 | 42.58 | 40.36 | 38.89 | 37.84 | 387.07 | 36.46 | 36.01 4.72 
4.73 | 42°72 | 40°50 | 39.03 | 37.96 | 3%.20 | 36.58 | 36.13 4.73 
4.74) 42.87 | 40.64 |. 89.16 | 38.09 | 37.32 | 36-71 SOe25 eae 
4.75 43.01 40.78 39.29 38 .22 37.45 36.83 36.38 | 4.75 
4.76 | 48.16 | 40.92 | 39.43 | 38.35 | 37.57 | 36.96 | 36.81 4.76 
4.77 41.06 39.56 38.48 37.69 37.08 36.63 | 4.77 
4.78 39.70 38 .61 37.81 37.21 86.75. (4278 
4.79 39.83 | 38.74 | 37.93 | 37.33 | 36.87 | 4.79 
4.80 39.96 | 38.87 | 38.07 | 37.46 | 37.00 } 4.80 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGEL 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


YOMPUTED BY BAZIN’S FORMULA. 


Q= 


Observed head=h. 


009 
0.405+ 


v 


84 
) F +0.55 


2 


v 


I — 
—__— | Lh 29h. 
(p-+h)? 


Height of weir=p. Discharge=Q. g=5z.1/ tect. 
Length of weir=L. 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p= 25 Ft. | p=30 Ft. 
in Feet @ Q Q Q Q Q Q in Feet, 
Guykt: Gu. Ft: Cust. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 
4.41 32.05 31.81 31.44 31.02 30.77 30.62 30.52 | 4.41 
4.42 32.17 31.90 31.55 31.13 30.87 30.72 30.63 | 4. 
4.43 32.28 32.03 31.66 S23 30.98 30.83 30.73 | 4. 
4.44 32.39 32.14 Sl ey 31.34 31.09 30.93 30.84 | 4. 
4.45 32.50 S2e2o 31.88 31.44 31.19 31.04 30.94 | 4. 
4.46 32.62 32.37 31.99 31.55 31.30 31.15 31.05 | 4. 
4.47 32.74 32.49 32.11 S165 31.41 31526 Bul iss || 4b: 
4.48 32.85 32.60 32.22 31.76 31.52 SIEST Silom | ede 
4.49 32.96 Sac é 4. 
OA PEER ES ees 4, 
4.51 33.19 32.94 4. 
4.52 33.31 33,05 4. 
4.53 33.42 33.16 4. 
4.54 33.53 Sonn 4. 
4.55 33.65 33.38 4. 
4.56 Sond 33.50 4. 
4.57 33.89 33 .62 4. 
4.58 34.01 33.74 4, 
4.59 | 34.13 | 33.86 4, 
4.60 | 34.25 | 33.98 4. 
CCl 8237 | 34.09 4. 
4.62 34.48 34.21 4. 
4.68 34.59 34.32 4, 
4.64 34.70 34.43 4. 
4.65 34.82 34.55 4. 
4.66 34.94 34.67 4, 
4.67 35.06 34.79 4. 
4.68 35.18 34.91 4. 
4.69 35.29 35.02 4. 
SO nd ee 
4.71 35.52 | 35.25 
4.72 35.64 35.36 
4.73 SOO 35.48 
4.74 35.88 35.60 
4.75 36 .00 39.72 
4.76 36.13 35 .84 
4.77 36.25 35.96 
4.78 36.37 36.08 
4.79 36.48 36.20 
4. 80 i 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS, 


COMPUTED BY BAZIN’S FORMULA. 
00984 h? 


+h 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 


p=2 Ft. | p=3 Ft. | p=4 Ft. | p=—5 Ft. | p=6 Fte-|_p=7 Ft. | p=8 Ft. 

h a | | MS ——— |§ —_—$S$ | 

in Feet. Q Q Q Q” Q Q Q 
Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cart: Cu. Ft. 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 


h 
in Feet, 


43590 | 41562 | 40.10 | 89:00 | 38720 7137-58 |) 8722 
82:1 44.052 | 41276 || 40728. | 439.42 | e832 41 2872703724 
83 | 44.20 | 41.90 |-40.36 | 39.25 | 38.45 | 37.82 | 37.36 | 
84 1<44 35. | 49.04 | 40.49 | 39.88 1 B8.68 J-.87794 "| 37248 
85 | 44550.) 1 49 38° | 40.68 |) 39.51 1138-70 4) S28.07-4) 87x60 
86 | 44564 | 42:32 | 40.77 | 39.64 | 38.88 | 98720 | 37272 
87 | FA4578" | 42°46 |. 40.904) 30:77 || 88296. 1) 138582 4) 137-84 
88 |~44.93 | 42.60 | 41.04 | 39.90 | 39.09 | 38.44 | 37.96 
80/7) S25207 41 240074 J) PheT7 4) 40203 B39. 23.) keer esses 
90|_45.22 | 42.88 | 41.380 | 40.16 | 39.35 | 38.69 | 38.20 | 
91 | 45.37 a ae | 40.30 [538948 W Seis ieeseee 


aN 
02) 
han 


; 41.57 | 4043.) 39x61 | *38r94 | 38744 
93 | 45.65 | 43.31 | 41.70 | 40.56 | 39.74 | 39.06 | 38.56 
204 1 |" A5.80 | 243245 || 41 (84 {| 40269" | 189.87 1 Ss0s19) aasc6s 
95 | 45.95 | 43.59 | 41.98 | 40.82 | 39.99 | 39.32 | 38.81 
‘96 F 46.10 |}-48.73 | 42/12 | 40296 |-4012 || e944 || 98.93 
97 || “46525 4) “43°87 | 42.96 || 4100.7) 4025 | deez) Some 
98 | ‘46.40 | 44.02 | 42.30 | 412924! 40.39 | 29770 | 389819 
99 | 46.55 | 44.16 | 42.53 | 41.35 | 40.49 | 39.83 | 39.32 
| 44.31 | 42.67 | 41.49 | 40.62 | 39.96 | 39.44 
41.62 | 40.75-| 40.08 | 39.56 
41.75 | 40.88 | 40.20 | 39.69 
41.88 | 41.00 | 40.33 | 39.82 
42.02 | 41.12 | 40:45 | °39.04 
05 | 47:48 | 45.03 | 43°86 | 4215 | 41925 | 40<58 || Aouoy 
.06 | 47.63 | 45.18 | 43.50 | 42.29 | 41.38 | 40.72 | 40.20 
07, | 47:79 | 45733. | 48164 | 424431 41251 || “4085 |) caores 
08 | 47194) “45.48 || “43078 | 942.67. | aig | “agree aol 
09 | 48.09 | 45.63 | 43.92 | 42.70 | 41.77 | 41.11 | 40.58 
10 | 48.25 | 45.77 | 44.06 | 42.84 | 41.90 | 41.24 |°40.70 
1%} *48.40 | 45.92 | 44/00 7) 459830 08 7) aisey litorse 
12 | 48.56 | 46.07 | 44.85 | 48.12 |~42.17 | 41750 | 40.95 
13°°|°48.71 | “46792 +) s4449 | “aS%oR i MOVeT | aaa eg 


——_ | A 


MAMA MAAN UNA ee RRR ERR BRIER RRR RRR 
i=) 
=) 
aS 
ion) 
~I 
eS 


14 48 .86 46 .37 44.63 43.39 42.45 41.76 41.20 14 

15 | 49.02 46.52 | 44.77 43.53 42.59 41.89 41.33 15 

16 49.18 46 .67 44 .92 43 .67 42.73 42.03 41.46 16 

17 49.34 | 46.82 | 45.06 43.81 42.87 42.17 41.60 i7 
4 


18 49.49 | 46.97 45.20 | 43.95 


ies) 


OL 42.30 41.74 


HMO UOT TT TT OUT OHU OU OL SU OU TS OT OU RR RR Re RR ROB RR ROP RR OR BR OR OB 
So 


AT? 


5.19 | 49.65 | 47.12 | 45.35 | 44.09 |'43.15 | 42.43 | 41.88 19 
5.20 | 49.81 | 47.27 | 45.50 | 44.23 | 43.29 | 42.57 | 42.02 | 5.20 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS, 


COMPUTED BY BAZIN’S FORMULA. 


Q= (0.106 Te 


00984 
1+0.55 
h (p 


h 


2 


+h)? 


[ova 


Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 


Length of weir= ZL. 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. p=20 Ft. | p=25 Ft. | p=30 4. 
in Pe Q Q Q Q Q Q Q sheet 

Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cu. Ft. Cumin Cu, Ft. 

per Sec. per Sec. per Sec. per Sec. per Sec. per Sec per Sec. 
4.81 36.73 36 .44 35.99 35.46 80.15 34.94 34.80 | 4.81 
4.82 36.85 36.56 36.10 35.57 35.26 35.05 34.91 4.82 
4.83 36.97 36 .67 36.22 35.68 35.37 35.16 35.02 4.83 
4.84 37.08 36.79 36 .34 35.79 35.48 30.20 35.12 | 4.84 
4.85 37.19 36.91 36.45 35.90 35.59 35.38 35 .23 4.85 
4.86 37.31 37.02 36.57 36 .02 35.70 35.49 35.3 4.86 
4.87 37.48 37.14 36.68 36.13 35.81 35.60 35.45 4.87 
4.88 Stoo 37.26 36.79 36.24 35.93 35.71 35.56 4.88 
4. 36.04 35 .82 35.66 4.89 
4. | 36.15 | 35.98 | 85.77 | 4.90 
4. 36.27 | 36.04 | 35.88 | 4.91 
AS 36.38 36.15 35.99 4.92 
AN 36.50 36 .26 36.10 4.93 
4. 36.61 36.37 36.21 | 4.94 
4, 36.72 36.48 36.382 | 4.95 
4, 36 .84 36.59 36.43 4.96 
4. 36.95 36.70 36.54 4.97 
4, 37 .06 36.81 36.65 | 4.98 
4. BY hee if 36.92 | 36.76 4.99 
5. (NS7828 37.03 | 36.88 5.00 
5. 37.40 37.14 36.99 | 5.01 
5. 37.02 37.26 37.10 5.02 
5. 37.63 37 .38 37.21 5.03 
5. 37.75 37 .49 BY 5.04 
5. 37.87 37 .60 37 .44 5.05 
5: : : : ‘ 37.98 37.72 37.05 5.06 
OnOs 39 .92 39.57 39 .04 38 .43 38 .10 37 .84 SieGOmlonOg 
5.08 40 .04 39.70 39.16 38 .55 38.22 37 .95 Sle OLOS 
5.09 40.16 39 .83 39.28 | 38.66 38 .33 38.06 | 37.89 | 5.09 
5.10 40.28 | 39.95 | 39.41 { 38.78 | 38.44 (SS | 38.00 5.10 
5. 41 40.08 39.53 38 .90 38 .56 38 .29 38.12 5.11 
Syed 2 alee 39 .66 39.02 38 .67 38 .41 38 .23 liz 
5.13 40 .66 40 .33 39.78 39.14 38.79 38 .52 38 .34 ons 
5.14 40.78 40 .46, 39.90 39 .26 38 .90 38 .63 38 .46 5.14 
5.15 40.91 40.58 40 .02 39 .38 39 .02 38.75 38.57 | 5.15 
5.16 41.04 40.71 40.15 39.50 39713 38 .87 38 .69 5.16 
Liye Wve 41.17 40.83 40.27 39 .62 3925 38.98 38.81 Ale 
5.18 41.30 40.95 40.40 39.74 39.37 39.10 38 .93 5.18 
5. 41.43 41.08 40.52 39 .86 39 .49 39 .22 39.05 | 5.19 

41.56 | 41.20 | 40.65 | 39.99 : 5. 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


.00984 i? — 
Q- (0405+ ) [14055 2 | pv 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 
p=2Ft. | p=3 Ft. | p=4 Ft. p=5 Ft. | p=6Ft. | p=7 Ft. | p=8 Ft. 
ee cur Ft. CuFt, ou Fe, ou Ft. ou Ft. curt. curt. po 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. 
op2t 49 .96 47 .42 45 .64 44 .36 43 .42 42.76 42.10 | 5.21 
5.22 50.11 47 .56 45.78 44.50 43.55 42.83 42.23 | 5.22 
§.23 50.27 47.71 45 .92 44 .64 43 .69 42 .96 42.36 | 5.23 
5.24 50 .42 47 .86 46 .U6 44.78 43 .82 43 .09 42.49 | 5.24 
§.25 50.58 48.01 46.21 44.92 43.95 43.22 APAGZ a eaeao 
5.26 50.74 48 .16 46 .35 45 .06 44.09 43 .35 42.75 | 5-26 
5.27 50 .90 48 .31 46 .49 45.20 44.22 43.48 4289 | S220 
5. 46.63 45 .34 44 36 43.61 43.01 | 5.28 
5. 3 46.78 45.48 44.49 43.74 43.14 | 5.29 
5.30 | 51.36 | 48.75 46.92 | 45.62 | 44.63 43.88 | 43.28 | 5.30 
KH oBil 51.52 48 .90 47 .07 45.76 44.77 44.01 43.41 | 5.31 
6.32 SIN67 49.05 47 .22 45.90 44 .90 44.14 43.54 | 5.32 
5.33 51.82 49 .20 47 .37 46 .04 45.03 44 28 42560 | Ono 
5.34 51.98 49 .35 47.51 46.18 45.17 44.42 43.80 | 5.34 
Onoo) BDA INS 49 .50 47 .67 46 .32 45.31 44.55 43.93 | 5.35 
5.36 52.30 49 .65 47 .82 46 .46 45.44 44.69 44.06 | 5.36 
bed 52.46 49 .80 47 .97 | 46 .60 45.58 44.82 ALO Foear 
5.38 52.62 49.95 48.11 46 .74 45.72 44.95 44.33 | 5.38 
5.39 O2n1S 50.09 48 .24 | 46.88 45 .86 45.08 44.46 | 5.39 
5.40 | 52.94 | 50.28 | 48.38 | 47 .02 | 46.00 45.22 | 44.60 | 5.40 
BAl | 03.10 | 60.08) | 48.50 | 47.050) 46 sioete4o otnl 4a eee 
5.42 53820 50.58 48 .68 47 28 46 .26 45.49 44.86 | 5.42 
5.43 53.42 50.68 48 .83 47 .42 46 .39 45 .62 44.99 | 5.438 
5.44 Ods0/ 50.83 48.98 47.56 46.53 45 .76 45.12 | 5.44 
5.45 563.72 47.71 46 .67 45.89 45.26 | 5.45 
5.46 53.88 47 .86 46.81 46.03 45.40 | 5.46 
5.47 54.04 48 .00 46 .94 46.17 45.53 | 5.47 
5.48 54.20 48.14 47 .08 46.31 45.67 | 5.48 
5.49 | 54.36 48.28 | 47.22 46.44 | 45.80 | 5.49 
5.50 | 54.51 | 48.42 | 47 .36 46.57 | 45.93 | 5.50 
OnoOk 54.68 48 .56 47.50 46.71 46.08 | 5.51 
5.02 54.84 48.71 47 .64 46.85 46.20 | 5.52 
5.53 55 .00 48 .85 47,.79 46.99 46.35 | 5.53 
5.54 55.16 48 .99 47 G4 47.12 46.48 | 5.54 
5.05 1595), (33) 49.13 48 .08 47 .26 46.61 | 5.55 
5.56 55.49 49 .28 48 .22 47 .40 46.75 | 5.56 
Opot 55.65 : 49.45 48.36 47 .53 46.89 | 5.57 
5.58 55 .82 53.01 51.04 49.58 48 .50 47 .67 47.02 | 5.58 
5.59 56 .00 Layo. Ike 51.19 49.73 48.64 47.80 | 47.15 | 5.59 


5.60 | 56.15 | 53.33 | 51.34 | 49.88 
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| 48.79 | 47.94 | 47.28 | 5.60 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


00984 h? a 
Q= (0.4054 ) E +055 | LhV 2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= L. 
, p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. | p=30 Ft. 
SS SS 
potas Oa Bt, cule t. ou ’F t. ou Ft, cu Re, ou Ft, uF t. pres 
per Sec. per Sec. | per Sec. | per Sec. per Sec. per Sec. per Sec. 
Lyall 41.68 41.33 40.77 40.09 39.72 39.45 39828 oO. 21 
5.22 41.81 41.45 40.89 40.21 39 .84 39.56 3939) 15.22 
5.23 41.93 41.58 41.01 40.32 39.95 39.68 Be) Jt || G23 
5.24 42.05 41.70 41.13 40.44 40 .06 39.80 39/562) || 0.24 
D205 42.18 41.83 41.25 40.56 40.17 39.92 Sars || 5725) 
5.26 42.30 41.96 41.38 40.68 40.29 40.03 Bo || DAS 
5.27 42.43 42.08 41.51 40.80 40.40 40.15 39.97 | 5.27 
5.28 42.56 42.20 41.63 40.91 40.52 40.26 40.08 | 5.28 
_ 5.29 42.69 42.33 41.75 41.03 40.64 40.38 | 40.19 | 5.29 
5.30 42.81 42.45 41.87 41.16 | 40.76 | 40.49 40.30 | 5.30 
5.31 | 42.94 | 42.58 | 41.99 | 41.28 | 40.88 | 40.61 | 40.42 | 5.31 
5.32 43 .07 42.71 42.12 41.41 41.00 40.73 40.54 | 5.32 
5.33 43 .20 42.83 42.25 41.53 41.12 40 .85 40.65 | 5.33 
5.34 43 .33 42.95 42.37 41.65 41.24 40 .96 40.76 | 5.34 
5.35 43 .46 43 .08 42.49 41.77 41.36 41.08 40.88 | 5.35 
5.36 43 .59 43.21 42.62 41.89 41.48 41.20 41.00 | 5.36 
5.37 43.72 43 .33 42.74 42.02 41.60 41.32 Al 12 | 5.37 
5.38 43 .85 43 .46 42.87 42.14 41.72 41.44 41.24 | 5.38 
5.39 43 .97 43 .58 42.99 42. 41. 35 | 5.39 
_5.40 | 44.11 | 43.71 | 43.12 | 42.38 | 41.96 | 41.66 | 41.47 | 5.40 
5.41 | 42. ; 41.59 | 5.41 
5.42 | 44.37 | 43.97 | 43.86 | 42.63 | 42.19 | 41.89 | 41.70 | 5.42 
5.43 44 .50 44.10 43 .48 42.75 42.31 42.00 41.82 | 5.48 
5.44 44.63 44.22 43.61 42.87 42.42 42.12 41.93 | 5.44 
5.45 44.76 44 .35 43.73 43 .00 42.54 42.24 42.05 | 5.45 
5.46 44.89 44.48 43 .86 43.12 42.66 42.36 42.17 | 5.46 
5.47 45.02 44.60 43 .98 43.25 42.78 42.48 42.28 | 5.47 
5.48 45.15 44.73 44.11 43 .37 42.90 42.61 42.40 | 5.48 
5.49 45 .28 44 .86 Wao || EB) alk 43 .02 42.72 42.52 | 5.49 
5.50 | 45.41 44.99 44.37 43.61 43.15 | 42.84 | 42.63 | 5.50 
5.51 | 45.54 45.12 44.50 43.73 43.27 42.96 A275 [5.51 
5.52 45 .67 45 .26 44 .62 43 .85 43.39 43 .08 42.87 | 5.52 
5.53 45 .80 45.39 44.74 43 .97 43.51 43 .20 42.99 | 5.53 
5.54 45 .93 45.52 44.87 44.10 43 .63 43 .32 43.11 | 5.54 
5.55 46 .07 45.65 45.00 44 23 43.75 43.44 43.23 | 5.55 
5.56 | 46.20 | 45.78 | 45.12 | 44.385 | 48.88 | 43.56 | 43.35 | 5.56 
5.57 | 46.33 | 45.90 | 45.25 | 44.48 | 44.01 43.68 | 438.47 | 5.57 
5.58 | 46.47 | 46.04 | 45.38 | 44.60 | 44.13 | 43.80 | 43.59 | 5.58 
5.59 | 46.6C | 46.18 | 45.52 | 44.74 | 44.25 | 43.92 | 43.71 | 5.59_ 
5.60 | 46.74 | 46.31 | 45.65 | 44.84 | 44.38 | 44.04 | 43.83 | 5.60 
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DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


2 
Q= (0.405) [+085 : |ovam. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir=L. 
p=2Ft. | p=3 Ft. | p=4 Ft. | p=5 Ft. | p=6 Ft. | p=7 Ft. | p=8 Ft F 
h | | S| | | FE | Se 
ree cu Ft, ou Ft, Curt: ou Ft. ou Fe, ou Ft, ouF es 
per Sec. per Sec. per Sec. per Sec. per Sec. per Sec. per Sec 
5.61 DOROZ 53.48 51.48 50.02 48 .92 48 .06 47.42 1 5.61 
5.62 56.48 53.63 1.62 50.16 49 .06 48.19 47.55 | 5.62 
5.63 56.64 53.78 51.76 50.30 49 .20 48 .32 47.69 | 5.63 
5.64 56.80 53.93 51.90 50.44 49 .34 48 .46 47.82 | 5.64 
5.65 56.97 54.08 52.05 50.58 49.49 48 .60 47 .96 | (0S 
5.66 1183 54.23 52.20 50.72 49 .64 48 .74 48.10 | 5.66 
5.67 57230 54.38 5.67 
5.68 57 .46 54.54 5.68 
5.69 Oe. 54.70 5.69 
5.70 | 57.78 | 54.85 5.70 
Hoc 57.94 | 55.01 Se Tial 
04 58.11 55.16 Halon 
Die 58 .27 55.32 5.73 
5.74 58.43 55.48 5.74 
‘Sarhss 58.59 55 .64 N75 
5.76 58.76 55.80 5.76 
dads 58 .92 55.97 ee 
5.78 59.08 5603 5.78 
5.79 59.25 56.29 5.79 
_ 5.80 | 59.42 | 56.45 5.80 
6.81 59.58 56.61 5.81 
5.82 59.75 56.76 5.82 
Onee 59.91 56.91 5.83 
5.84 60.07 57.06 5.84 
5.85 60.24 ofe22 5.85 
5.86 60.40 57.38 5.86 
5.87 60.57 57 .54 5.87 
5.88 60.73 57.70 5.88 
5.89 60.90 57.86 5.89 
5.90 | 61.07 | 58.02 5.90 
5.91 61.24 58.19 5.91 
5.92 61.41 58 .35 5.92 
5.93 61.58 Sonal 5.93 
5.94 61.75 58 .67 5.94 
5.95 61.92 58.83 5.95 
5.96 62.09 58.99 | 5.96 
5.97 62.26 59.15 5.97 
5.98 62.43 59.32 5.98 
_5.99 | 65 99 62.60 59.48 5.99 
6.00 ~Fn0 ROTTEN 5066 62.77 | 59.65 | 6.00. 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 


00984 h? ——— 
Q= | 0.405+ —— }]1+0.55 Lh 2gh. 
h (p+h)? 
Observed head=h. Height of weir=p. Discharge=Q. g=32.17 feet. 
Length of weir= ZL. 


p=9 Ft. | p=10 Ft. | p=12 Ft. | p=16 Ft. | p=20 Ft. | p=25 Ft. p=30 Fi | 


h ———S SS | | —__ h 
peek curt. | cuert, curt. | cucFe. cure. | cure. Cites eae 
per Sec. per Sec. | per Sec. | per Sec. per Sec. per Sec, per Sec. 

5.61 46 .87 46.45 45.78 44 .97 44.49 44.16 43 .94 5.61 
5.62 47 .00 46.58 45.90 45.09 44.61 44 .27 44.05 OO, 
5.63 47.13 46.71 46.03 45 .22 44 .74 44 .39 44.16 5.63 
5.64 47 .26 46 .84 46.15 45 .35 44.86 44.51 44 .28 5.64 
5.65 47 .39 46.97 46.28 45.48 44 .98 44 .63 44.40 5.65 
5.66 47 .52 47.11 46.41 45 .60 45.11 44.75 44.52 | 5.66 
5.67 47 .65 47 .24 46 .53 45.73 45 .23 44 .87 44 .64 5.67 
5.68 47.79 47.37 46 .65 45.85 45 .35 44 .99 44.76 5.68 
5.69 47 .92 47.50 46.77 45.97 45.48 | 45.11 44 .88 5.69 
5.70 | 48.05 | 47.63 | 46.90 | 46.09 | 45.60 45.23 | 45.00 | 5.70 
357i 48.19 47.76 47 .02 46 .22 45.73 45 .35 45.12 Sofa 
5.2 48 .32 47 .89 47 .16 46 .34 45 .85 45.47 45 .24 Onue 
SSeS 48 .45 48 .02 47 .29 46.47 45.97 45.59 45.36 5) 713 
5.74 48.58 48.15 47 .42 46 60 46 .09 45.71 45.48 5.74 
5.75 48.71 48 .28 47.55 46.72 46.21 45.83 45 .60 S16 
5.76 48 .85 48.42 47 .69 46 .84 46 .33 45 .95 45.72 Ondo) 
5a 7C 48 .99 48.55 47 .82 46 .97 46 .46 46 .07 45 .84 Ona 
5.78 49.13 48 .68 47 .95 47 .09 46.58 46.19 45 .96 5.78 
5.79 49 .27 48.81 48 .08 47.21 46.70 46 .33 46 .09 5.79 
5.80 | 49.41 | 48.94 48.22 | 47.83 | 46.83 | 46.45 || 46.22 -| 5.80 
5.81 49 .54 49 .07 48 .35 47 .46 46.95 |} 46.57 | 46.34 5.81 
5.82 49.68 49.21 48 .48 47.59 47 .07 46 .69 46 .46 5.82 
5.83 49.81 49 .35 48 .61 47.72 47.19 46.81 46.58 5.83 
5.84 49 .95 49.48 48 .74 47 .85 47.31 46.93 46.70 5.84 
5.85 50.08 49.61 48 .87 47 .97 47 .43 47 .05 46.82 5.85 
5.86 50.22 49.74 47 17 46 .94 5.86 
5.87 50.36 49 .87 47 .30 47 .06 5.87 
5.88 50.50 50.00 47 .42 47.18 5.88 
5.89 50.64 50.14 47 .54 47 .30 5.89 
SROOM SON o0R2s | | 47.67 | 47.42 | — 

5.91 50.91 50.41 47 .80 47.54 5.9 
5.92 51.05 50.55 47 .92 47 .67 5S, > 
5.93 61.19 50.68 48 .04 47.79 5. 2S 
5.94 SU cars) 50.82 48.17 47 .92 5.9 
5.95 51.47 50.96 48 .29 48 .04 5. a5 
5.96 51.61 eo) 48 .42 48.17 5.96 
15 7 SPATS) 51.24 48.55 48.39 | 5. Be 
5.98 51.88 51.38 48 .67 48.42 | 5.9 
5.99 52.02 51.51 5 48.79 48.55 | 5.9 
GROOM |RS2EIS { 51.64 | 50. 86 | 49 .90 | 49. 34 | 48.92 | 48 .67 | Gr i 
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HIGH WEIRS AND HIGH HEADS. 


DISCHARGE PER FOOT OF LENGTH OVER SHARP-EDGED 
VERTICAL WEIRS, WITHOUT END CONTRACTIONS. 


COMPUTED BY BAZIN’S FORMULA. 
h p=10' p=20 p=30' 
6 51.67 49 .36 48 .69 
7 66 .04 62.64 61.59 
8 81.78 77 .08 75.56 
9 98 .85 92.65 90.57 
10 117.16 109 .32 106.57 
LAS & | OMe 127 .06 123 .54 
12) Yaka az. 145.85 141.46 
1S lbs Barsttrares 165.65 160.30 
VASE Gl ete cede oe 186 .45 180 .04 
15 208 . 23 200 .68 
LG. qi eNieerctcere PIR) Ware eens 222.18 
Tis ON Mec ayerres, Sl adreebane 244 .55 
ike mel getter me Wi Loe oct 267 .76 
ilo eee e 291.81 

ZOOM il \Mertamr ey MO ec ageers 316.66 


THE FLOW OF WATER OVER WEIRS. 107 


LOW HEADS. 


For heads below 0.2 foot the Bazin Formula gives discharges some- 
what in excess of the experimental results of Fteley and Stearns, and 
in practice accurate weir measurement at low heads becomes extremely 
difficult on account of the increased relative importance of errors of 
observation, and of changes in the character of the flow if the edge of 
the weir has a measurable thickness. It may also be expected that 
the temperature of the water will exercise considerable influence. For 
these low heads the formula deduced by Fteley and Stearns for their 
small weir, Q=3.33LH%+0.0065L, gives results varying from the 
experiments by from 4 to 6 per cent for heads from 0.2 to 0.07 foot, the 
lowest observed. The actual results were usually greater than those 
given by the formula. For a head of 0.1 foot this formula gives a dis- 
charge of 0.11 cu. ft. per second, as compared with 0.13 cu. ft. by Bazin. 
A value of 0.115 cu. ft. seems quite nearly correct for this head. 


END CONTRACTIONS. 


For weirs having end contractions the formula of Mr. Francis, modi. 
fied as he proposed by subtracting the quantity 0.1nH from the value 
of L, making the formula Q=3.33(L—0.1nH)H”*, is the one generally 
recognized. In this modification n is the number of end contractions, 
or the proportion of a complete contraction. Recent experiments 
indicate that the effect of end contractions is not to be provided for by 
so simple a formula, and until more data are available such weirs should 
be avoided so far as circumstances will permit. 


VERY HIGH WEIRS. 


When the weir is of such dimensions in proportion to the channel 
of approach that the velocity of the approaching water may become 


: 4 aS 
zero, the formula of Bazin reduces to Q= (0.40545 ME )piv/ 2gh, 


h 
which corresponds to p=infinity, and the table on page 108 gives the 
value of the several factors, and the discharge under this condition for 
L=1 foot. In this and the preceding table g has been taken as 32.173 
feet, that being its value for latitude 40° and an elevation above sea-level 
of 500 feet. 


VALUES OF FACTORS IN BAZIN’S FORMULA AND DIS- 
CHARGE OVER WEIR OF INFINITE HEIGHT. 


Heaton | 4/25 avis | (000 2088) |i, BEM sa 
0.1 2.537 0.254 0.503 (0 Bs} 
0.2 3.587 (7A 0.454 0.33 
0.3 4,394 1.318 0.488 0.58 
0.4 5.073 2.029 0.430 0.87 
0.5 5.672 2.836 0.425 L220 
0.6 6.213 Bh. AS 0.421 1h eae 
One (A 7Alal 4.698 0.419 T.97 
0.8 Phe les) 5.740 0.417 2.40 
0.9 7.610 6.849 0.416 2.85 
1.0 8.021 8.021 0.415 33.385 
oP 8.787 10.544 0.413 4.36 
il a 9.491 13.287 0.412 5.48 
1.5 9 824 14.736 OVAL 6.07 
16) 10.147 16,234 0.411 6.68 
ih fe 10.762 19.361 0.410 7.95 
2.0 11.344 22 688 0.410 9.30 
2 11.898 2 Grails 0.409 10272 
DAN 12h AD 29.825 0.409 12.20 
2.5 12.683 31.707 0.409 12.97 
2.6 12.934 33). (ool! 0.409 (3o%5 
2.8 13.423 37.585 0.409 15235) 
33.4(0) 13.894 41.682 0.408 AT 02 
32 14.349 45.915 0.408 18.74 
3.4 14.791 50.290 0.408 20.51 
SnD 15.008 52.523 0.408 21.42 
3.6 15.219 54.785 0.408 22 34 
Gite) 15.637 59.420 0.408 24 22 
4.0 16.043 64.170 0.407 6.15 
Am? 16.439 69.045 0.407 28.13 
4.4 16.826 74.030 0.407 30.15 
4.6 Aw ANy} 79.140 0.407 SPB) 
4.8 17.574 84.360 0.407 34.34 
5-0) 17.936 89.625 ‘ 0.407 36.48 
52 ) 18.292 95.120 0.407 38.70 
5.4 18.640 100.656 0.407 40.95 
5.6 18.983 106.305 0.407 43 .24 
5.8 19.318 112.044 0.407 45.56 
6.0 19.648 117.888 0.407 47 .94 
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FLAT-CREST AND OTHER WEIRS. 


Tue formulas for the discharge of vertical sharp-edged weirs cease to 
be applicable when the crest is widened or the up-stream face inclined, 
and in order to determine what modifications should be made in the 
computed results, experiments have been made upon some twenty-five 
models of different forms, with L=16 feet and p as great as 11.25 feet, 
using heads up to and in some cases a little above 4 feet. 

In the case of flat-crest weirs it has been found that for a range of 
head between 1.6 and 4.0 times the breadth of the crest the discharge 
depends upon whether the head within that range is reached by the 
water lowering from a head above it or rising from a lower one. In the 
latter case owing to the adhesion of the overflowing water to the crest 
of the weir the discharge is increased, in some cases as much as 13 per 
cent. Ona falling head the sheet will apparently Jump clear of the crest 
so long as the head is above 1.6 times the breadth of the crest, and the 
discharge will correspond to that of a sharp-edged weir, but when the 
stream is rising the sheet does not break free from the crest until the head 
is nearly four times the breadth of the crest, and under these conditions 
for all heads above 1.6 times the breadth, the discharge will be greater 
than that of a sharp-edged weir until the sheet breaks away. This 
variable condition is indicated in the table for “ Rectangular Flat-Topped 
Weirs’’ by the columns designated, “Falling Head” and “Rising Head.” 

From these experiments the factors by which to multiply the com- 
puted discharge for a sharp-edged weir of the same L and p, to give 
the actual discharge over each form of crest, have been deduced for the 
heads given in the following tables, wherein the first column gives the 
head and the columns headed II the multipliers. To use the tables, 
the discharge for the weir of given form should be first computed as 
for a vertical sharp-edged weir of the same height and length, using 
any of the above formulas, or the tables on pages 76 to 105 and resulting 
Qs should then be multiplied by the factor in the proper column under 
II, when the accuracy of the result may be expected to correspond to 
that of the first computation. So long as the top of the weir is flat and 
the up-stream face vertical, it appears that the factors given should be 
applicable to any height of weir, but if the up-stream face or any part 
of the profile up-stream, from the highest point of the weir, is inclined, 
. the factor will change with the height of the weir, as is shown by the 
table for triangular weirs. 

On all the models having vertical down-stream faces, including 
model P, air was admitted to the space underneath the sheet. On 
models D and E experiments were made with the space underneath 
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the sheet unaerated, so that a partial vacuum existed there, which 
is shown to increase the discharge about 5 per cent at the high heads. 
For the weirs with inclined down-stream faces, models F to O inclusive, 
no air was admitted under the sheet. A comparison of the results 
upon models G and H shows the effect of rounding the up-stream 
corner of this weir to be an increase in discharge of about 4 per cent 
at the high heads, 


SUBMERGED WEIRS. 


With crests of the forms L and N, pages 113 and 115, experiment 
shows that until the submergence amounts to 30 per cent of the head, 
the reduction of discharge is less than 10 per cent. In fact so long as 
the overfalling water plunges beneath that in the downstream channel 
the discharge appears to be diminished by not more than the above 
amount. 


WEIR DISCHARGE. 


RECTANGULAR FLAT-TOPPED WEIRS. 


I. II. 
Multipliers of Discharge over Sharp-edged Vertical Weir of same L and p. 
Head fit eh ae oe 
in Beets b=0.48 Ft. b =0.93 Ft. b =1.65 Ft. 
Falling Rising Falling Rising Falling Rising 
Head. Head. Head. Head. Head. Head. 
0.5 0.88 0.90 0.815 0.815 0.81 0.81 
120 1.00 Os 0.90 0.95 0.83 0.83 
1.5 1.00 12 0.995 1.08 0.885 0.885 
2.0 1.00 1.00 1.00 1.06 0.95 0.95 
2.5 1.00 1.00 1.00 1.10 0.99 1.00 
3.0 1.00 1.00 1.00 1.138 1.00 1.03 
3.5 1.00 1.00 1.00 1.05 1.00 1.07 
4.0 1.00, 1.00 1.00 1.00 1.00 1.10 
I: Il. 
Multipliers of Discharge over Sharp-edged Vertical Weir of Same L and p. 
Panes 
h O—salieuite 
Rising and b =5.84 Ft. b =8.98 Ft. b =12.24 Ft. b=16.30 Ft. 
Falling Heads. 
OFS 0.80 0.80 0.80 0.80 0.80 
1.0 0.80 0.80 0.80 0.80 0.80 
ES 0.80 0.80 0.795 0.795 0.79 
2.0 9.82 0.80 0.79 0.79 0.79 
2.5 0.85 0.80 0.79 0.79 0.79 
3.0 0.87 0.80 0.79 0.79 0.79 
3.5 0.905 0.81 0.79 0.79 0.79 
4.0 0.94 0.82 0.79 0.79 0.79 
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WEIR DISCHARGE. 


TRAPEZOIDAL WEIRS, 


UMMM YLT 


VWs TG 
Multipliers of Discharge over Sharp-edged Vertical Weir of Same LZ and Dp. 
Head 2 
in Feet, ; : 

is Type A. Type B. Type C. Type D. Gi Type E. Sates 
ORD 0.968 1.060 1.0438 1,069 1.088 1.069 1.069 
1.0 1.071 1.079 1.040 1.079 1.106 1.079 1.079 
Ws iL Om 1.091 1.037 1.084 iL late 1.088 1.092 
2.0 1.081 1.096 1.027 1 O57 1.092 1.063 1.083 
Zap ON 1.093 1.015 1.041 1.079 1.049 1.081 
3.0 1.074 1.090 1.005 1.028 1.068 1.039 1.080 
635,00) Oral 1.087 0.996 1.018 1.059 1.029 1.079 
4.0 1.069 1.085 0.989 1.009, 1.051 1.021 1.078 
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WEIR DISCHARGE. 


TRIANGULAR WEIRS. 


1g, it. 
Mulitpliers. 
Head 
in Feet, 
h. ee hap 
6.65 Ft. 1 
0.5 1.060 1.060 
1.0 1.079 1.079 
il. 55 1.091 1.092 
2.0 1.086 1.097 
205) 1.076 1.096 
3.0 1.067 1.095 
BoD 1.060 1.094 
| 4.0 1.054 1.093 


COMPOUND WEIRS. 


See page 114. 


i. JOU. 
Multipliers. 
Head 
‘n Feet, 

: Type F. Type G. Type H. Type I. Type J. Type K. 
0.5 0.964 0.932 0.934 0.968 0.971 0.971 
1.0 1.026 0.982 1.000 1.008 1.040 1.040 
LD 1.064 1.015 1.040 1.030 1.083 1.092 
2.0 1.066 1.031 1.061 1.034 1,113 1126 
Zo 1.025 1.038 1.073 1.0388 IL OKs 1.146 
3.0 0.992 1.044 1.082 1.042 1.120 iL, 1S} 
3355) 0.966 1.049 1.090 1.046 1.122 VLi7 
4.0 0.944 1.053 1.097 1.050 1.125 1.190 
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WEIR DISCHARGE. 


COMPOUND WEIRS. 


WEIR DISCHARGE. 


COMPLEX WEIRS. 


cree TOO 


ie Il. 
Multipliers. 
Head 
in Feet, 

Ee Type M. Type N. Type O. Type P 
0.5 0.964 0.897 1.095 0.920 
i @ 0.965 0.946 1.088 0.915 
1.5 0.963 0.999 1.084 0.914 
2.0 0.949 1.025 1.069 0.935 
2.5 0.933 1.039 1.051 0.950 
3.0 0.920 1.052 1.035 0.962 
3.0 0.911 1.063 1.024 0.972 
4.0 0.903 1.072 1.014 0.982 
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